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EPA Five-Year Review Summary Form

SITE IDENTIFICATION

Site Name (from WastaLAN): Miam| Drum Services Site

EPA ID (from WasteLAN): FLD076027820

Region; 4 | State: FL | Cty/County: Miami/Dade

BITE STATUS

NPL status: % Final © Deieted [ Other (specify)

Remediation status (chocse all that apply): T Under construction — Operating & Complete

Muitiple CUs? I YES K NO | Canstruction Completion Date: January 1882
Has she besn put into reuse? X YES : NO
REVIEW STATUS

Lead agency: R EPA [ State ~ Tribe = QOther Federal Agsncy

{ Author nama: William Naimes

( Author title: Engineer | Author affiliation: U.S. Army Carps of Engineers

Review period: 7/156/02 - &/30/02

Date cf site Ingpaction: 7/25/02

Type of raview:
| Post-SARA K Pre-SARA | NPL-Remaval only
L. Non-NPL Remedial Actipn Site U NPL State/Tribe-lead
L Regional Discration

Review numbar: X 1 {firsh) .. 2 (second} 1 3(third} ' Other {spascity)

Triggering actian:
L Actual RA On-site Construction at OU# L Actual RA Startat OU# __
¥ Construction Comptetion ~ Pravious Five-Year Review Report
[~ Other (specify)

Triggering actlen date (from WasteLAN): 5/30/02

Due date {five years aftor triggering actlon date): 9/30/07

IBBues:

Miami Dade Water and Sewer Departmant to continue annuai monitering of water suppiy wells and
provide an annual summary repart on the reduction of VOC's associated with treatment remedy.

Mlami Dade Water and Sewer Deapartment to evaluate whether reduction in VOC's is through ke
Biscayne Aquifer Remedy or whether ather natural phenomena are assisting in VOC reduction (e,
biodegradation).

Miami Dade Water and Sewar Department to consider the volatilization of vOC's through
cenvantional water treatment plant in addition ta caleulations being performed for the air strippers.

Miami Dada County to update local repository with applicabls reports.

Upcn sita closure, a restrictive covenant will be required to ensure that the surface seal is maintainad.



Recommaeandations and Follow-up Actlons:
EPA ta receive reparts noting supply well VOC concentrations.

Add menitoring of bicdegradation parameters for chlorinated ethenes. The list of parameters is
provided in Attachment E.

Miami Dade County to review resords in local 'repnsitcry and update records accordingly.

Protectiveness Statement(s):

Based upon records in tha FDEP flies in Tallahassae, Florida, the selected remedy, as executed,
appears to remain protective of human health and the enviranment. Continugd groundwater
monitoring at each municipal supply well, the water freatment plant influent and effluent should be
performed and documented to ensure [ong-term protectivenass.

Long-Term Protectiveness:

Long-term protectiveness of tha remadial action for the Miami Crum Services Site is maintained by
continued oparation of the Dade County Transit Maintenange and Repair Facility. Long-term
protectiveness of the remedial action for the groundwater contaminant plume is through continued
maonitoring of municipal supply wells and continued treatmant of thea groundwater at both the John E.
Freston and Hialeah Water Treatment Plants.

Other Comments:

Nona,
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Executive Summary

Miami Drums Services was a drum recycling facility located west of Miami Springs at
7049 N.W. 70" Street in Miami. The site was in operation for 15 years between 1966
and 1981. The Miami Drums Services site is one of three sites located in northwest
Dade County, Florida that was proposed for the National Pricrities List in October 1681,
The other two sites being the Varsal Spil! and the 58™ Strest Landfill. The EPA decided
to address the Miami Drums site and the other two sites as a single management unit
for the performance of the RI/FS.

The result of the Miami Drums investigation as well as the Varsol Spill and 58" Strest
Landfill investigations indicated that, there was no concentrated contaminant plume
emanating frem the Miami Drums site nar the other two Superfund sites to the well
fields. However, low, dispersed levels of volatile crganic chemicals have been found
throughout the study area and groundwater plumes have blended together and become
indistinguishable with the general poor groundwater guality in the developed area.

The Remediat Action took place in two separate phases. The first phase entailed the
removal and off-site disposal of hazardous waste soils and debris and the treatment of
gontaminated groundwater associated with the Miami Drums Site. The activities for
this phase were initiated in December 1981 and were completed in January 1982.

The second phase entailed recovering and treating the contaminated groundwater.
Although a separate and distinct plume has net been identified to this site, the Biscayne
Aquifer Remedial Investigation found that continuous pumping of the Miami Springs
and Preston production wells tends to draw associated groundwater contaminants from
the former Miami Drums Services Site. Therefare, it was determined that withdrawal
and treatment of groundwater at a centralized location (i.e., Presion and Hialeah
WTF's}) was more favorable than treatment of groundwater at the different sources, 44
and 20 air strippers were added to the Presten and Hialeah WTP's, respectively in
1982 to treat the volatile organic constifuents associated with the Miami Drums site and
other NPL sitas.

The Miami-Dade Water and Sewer Depanment have been monitoring VOC
contamination in the Mialeah Well field, the Upper and Lower Miami Springs Wel! field
and the John E. Preston Well field quarterly from 1988 to 1892 and annually from 1993
o present.

Based upon raecords in the FDEP files in Tallahassee, Florida, the selected remedy, as
executed, appears to remain protective of human health and the environment. Long-
term protectiveness of the remedial action for the Miami Drum Services Site is
maintained by continued operation of the Dade County Transit Maintenance and Repair
Facility. Long-term protectiveness of the remedial action for the groundwater
contaminant plume is through continued monitoring of municipal supply welis ard
continued treatment of the groundwater at both Water Treatment Plants.
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Miami Drum Services
Miami, Dade County, Florida
Superfund Five-Year Review Report

l. Introduction and Purpose

The purpose of the five-year review Is to determine whether the remedy at a site is
protective of human heaith and the environment. The methods, findings, and
conclusions of reviews are documented in Five-Year Review Raports. in addition, Five-
Year Review reports identify issues found during the review, if any, and igentify
recommendations to address them. '

The Agency is preparing this Five-Year Review report pursuant to CERCLA § 121 and
the National Contingency Plan (NCP). CERCLA § 121 states:

If the President selects a remedial action that results in any hazardous substances,
pollutants, or contaminants remaining at the site, the President shall review such
remedial action no less often than each five years after the initiation of such remedial
action to assure that human heatth and the environment are being protected by the
remedial action being implemented. In addition, if upon such review it is the judgment
of the Prasident that action is appropriate at such site in accordance with section {104}
or {106), the President shall take or require such action. The Prasident shall report to
the Congress a list of facilities for which such review is required, the resuits of all such
reviews, and any actions taken as s resulf of such reviews.

The Agency interpreted this requirement further in the NCP; 40 CFR §300.430(f(4Xii)
states;

if a remedial action is selected that results in hazardous substances, pollutents, or
confaminants remaining at the site above levels for unfimited and unrestricted
exposure, the lead agency shall revisw such action no fess than every five years affer
the initiation of the seiacted remedial action.

The United States Army Corps of Engineers, Jacksonville District (USACE), on behalf
of the United States Envirenmantal Protection Agency (EPA), Region IV, conducted the
five-year review of the remedy implementad at the Miami Drums Superfund Site in
Mtami, Florida. This review was conducted by the by the USACE project enginesr for
the site from July 2002 through August 2002. This report documents the results of the
review.

This is the first five-year review for the Miami Drums Superfund Site. The five-year
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review is required due to the fact that hazardous substances, poliutants, or
contaminants remain at the site above levels that allow for unlimited use and
unrestricted exposure,

Il. Site Chronology

Table 1 - Chronglogy of Site Events

Event Date

Miami Drums Services Site

Discovery of Contamination at Miami Drums Services 11/01/79

Excavation of Materials and Soils from Miami Drums Services 12/81-1/82

EPA Region IV concurrence with removal actions at Mlami Drums | 8/26/82
Services '

FDER acceptance of removal actions at Miami Drums Services 0/1/82

Miami Drums Services Record of Decision 09/13/82

Biscayne Aquifer Sites

Phase | Report - Protection of Biscayne Aquifer 10/15/82
Dade County Well field Protection Ordnance adopted by County 09/06/83
Final Listing on National Priorities List for Biscayne Aguifer 09/08/83
Phase |l Report - Protection of Biscayne Aguifer 2/84
Phase |l Report - Protection of Blscayne Aguifer 5/85
Biscayne Aguifer Record of Decision 9/16/85
Biscayne Aquifer Remedial Design 9/30/87
Cooperative Agreement Executed by EPA /30,88
Biscayne Aguifer Remedial Action 9/88 -6/93
Biscayne Agulfer Removal Assessment 8§/25/92
Initiation of Operation of all Air Stripping Towers 9/1/92
Other Associated Sites

Varsol Spill Site Record of Decision 3/28/R5
5 8th Street Landfill Record of Decision 9/21/87

lil. Background

Genaral

The Miami Drums Services site is one of three sites located in northwest Dade County,
Florida that was proposed for the National Priorities List in Cctober 1981. The ather
two sites being the Varsol Spill and the 58" Street Landfil. The EPA decided to




address the Miami Drums site and the other two sites as a single management unit for
the performance of tha RI/FS. A major reason for this decision was that all three sites
affect the same general area of the Biscayne Aquifer. The EPA, state and local
agencies recognized that the effects of these sites on the aquifer could be interrelated
and that some of the suspected problems would not be solely attributable to an
individual site.

A package of four decision documents addresses these three sites, These documents
include:

Varsol $pill Site — Record of Decisicn signed 3/28/85

Miami Drum Services Site— Record of Decision signed 9/13/82

58™ Street Landfill Site~ Record of Decision signed 9/21/87

Biscayne Aquifer Sites — Record of Decision signed 9/16/85

Site Location and Description

The Biscayne Aquifer is the sole underground source of drinking water for the residents
of southeast Florida. Three Biscayne Aquifer hazardous waste sites on the EPA
National Pricrities List were addressed as one managemsent unit for the remedial
investigation ang feasibility study: (1) Miami Crum Site, (2) Northwest 58" Strest
Landfill, and (3} Varsol Spill Site {Miami International Airport). These sites are located
near each other in north Dade Cotinty, Florida. The study area ingluding these sites is
shown in Figure 1. The Biscayne Aquifer study area encompasses approximately 80
square miles.

Miami Drums Services Site

Miami Crumsg Services was a drum racycling facility located west of Miami Springs at
7049 N.W. 70" Street in Miami. The site was in operation for 15 years between 1966
and 1981. The dimensions of this site are 242 feet by 230 feet (approximately 1.3
acres) and it was located in a predominantly industrial area. The Florida East Coast
Canal and the Florida East Coast Railroad right-of-way are located about one quarter of
a mile east of the Miami Drum Site. The Miami Canal is located less than one mile
northeast of the site. The Medlay Well Field is located approximately 750 feet west of
this site, while the Miami Springs and Preston Well Fields are generaily located within a
mile southeast of the site. The nearest wellin the Miami Springs/Preston Well Field to
the Miami Drum Services site is Miami Springs Well No. 9. This well is located on the
east side of the Florida East Coast Canal, approximately a half of a mile southeast from
the Miami Drum Services site.

The area surrounding the former Miami Drum Services Superfund site includes several
cities as well as unincorporated areas. The cities of Miami Springs and Virginia
Gardens are primarily residential, whereas the cities of Medley and Hialeah Gardens
are heavily industrial. The City of Hialeah is a mix of residential, commercial and
industrial areas.



Northwest 58" Street Landfill Site

The Northwest 58" Street Landfill occupies a one-sguare-mile area near the western
perimeters of the Town of Medley and the City of Miami Springs. The Miami
Springs/Preston Well Field iz approximately two and one-half miles east from the
gastern edge of the landfill.

Varsol Spill Site

The Varsol Spill Site is located in the northeast section of the Miami International
Airport (MIA). The airpart is located less than one-half mile south of the lower Miami
Springs Well Field. The Miami Canal runs adjacent to the northeast corner of the
_airpert, the Tamiami Canal rung immediately south of the airport, and two other canals
area located near the western edge of the airpor.

Hydrogaology

The Biscayne Aquifer underlies the Miami Drums site, This aguifer is designated as a
“sole source aquifer” under tha Safe Drinking Water Act of 1874 and is composed of
four major geologic units: the Miami Oolite, Anastasia Formation, Key Largo Formation,
and the Fort Thompson Formation. Figure 2 shows a genaral geologic cross-section
near the site. As noted on this figure, the geclogy is composed chiefly of limestone and
quartz sand. The water producing zenes of the Biscayne Aquifer are overlain by the
Pamlico Sand which cutcrops atthe surface of the site. The groundwater hydrology in
the site vicinity is controlied mainly by the porosity and permeability of the geologic
units. The Pamlico Sand is very permeable so that rainfall readily infitrates to the water
table which is approximately three feet below the surfage. The Miami Oclite is also very
permsable and commonly contains vertical solution ¢hannels which ailows the rapid
recharge of lower units. The quartz sand which fills some cavities in localized areas
may reduce the permeability somewhat. The lower units, especially the Fort Thompscn
Formation, are cavernous and largs diameter weils completed in these formations may
produce several thousand galions of water per minute with very little water level
drawdown, Near the site, the range of transmissivities is between 95,000 #%/day to
430,000 ft'iday.

Another important factor controlling the groundwater hydrology is the infiltration of
surface water from nearby canals. The Miami Canal, northeast of the site, reportedly
contributes as much as 46 percent of the tetal pumpage of the Miami Springs-Hialeah
well field area. In addition, the rapid response of groundwater levels to canal water
controls are avidence of an effective hydraulic connection between the canals and the
Biscayne Aquifer.

Groundwater fiow in the Biscayne Aquifer is iocally regulated by pumpage and cana!



flow controls. The canat flow controls are used for flood prevention and salt-water
intrusion controi. During rainy periods the control structures are opened to allow excess
surface water to be discharged to the sea. Opening of the controls results in lower
canal water levels and therefore promotes groundwater infiltraticn into the canal.
During dry periods the control structures are closed to capture surface water. Closing
of the control structures results in higher canal water levels and therefore promotes
surface water infitration into the Biscayne Aquifer. This recharge aids in the control of
salt-water intrusion from the coastal areas.

Site History

The privately owned Miami Drum Services (Miami Drums) facility operated for
appreximately 15 years before Dade County, through a local court order, forced it to
cease operation in April 1981, As many as 5,000 drums of varicus chemical waste
materials, including corrosives, solvents, phenols, and toxic metals, were observed on
the site while the company was operating. Drums were washed with a caustic cleaning
sofution which, along with drum residues containing industrial solvents, acids. and
heavy metais, were disposed of onsite in open, unlined pits. An area photograph of the
Miami Crums Services Site is shown in Figure 3. This area photograph was taken on
January 13, 1981, prior to any remedial activities.

The abandoned Miaml Drum Site was acquired by Dade County through eminent
domain proceedings for construction of the Palmetto Yard maintenance facility of the
Dade County Rapid Rail Transit Project. The site was in the northwest quadrant of the
84-acre yard and shop area for the rapid rail system. in November 1981, the County
initiated acticns to obfain a cleanup contractor for the site. During this time, the State
and EPA began negotiations for a cooperative agreement for the site surface cleanup
and a groundwater feasibility study. Concurrently, the State and County began
developing a contract for site surface cleanup. Extensive soil borings were performed
at the site from December 2 to 7, 1981 and cores up tc 10 feet deep were analyzed for
centaminants. During this time the above ground structures, drums, and debris were
cleared from the site. Between December 8 and 21, 1681, excavation of the north 160
feet of the property (north cell) to a depth of 2.5 feet was accomplished, Approximately
150,000 gallons of associated groundwater (water from the excavation) were treated
and recharged to the Biscayne Aquifer. The excavation of the south portion of the
property and treatment of 500,000 gallons of associated groundwater was done during
the petiod December 24, 1981 to January 4, 1982. Compietion of treatment and an-
site disposal of the remaining water from excavation, fina! cleanup of the site, ang
demodbilization occurred during January 5to 8, 1882. During January 9to 15, 1882, the
excavated areas were backfilled with ciean fill materials. Dade County contracted with
Q.H, Materials Company to remove the 400 to 500 existing drums from the site,
excavate contaminated soils based on the core analyses, and relocate these soils to an
existing, approved disposal facility. Simultaneously, EPA completed a feasibility study
that addressed the contaminated surface material at the site. This study recommended



axcavation and off-site disposal of the contaminated soils. Although the project had not
officially been approved for CERCILA funding, the County requested and complied with
EPA and State guidance as the cleanup proceeded. A total of 15,000 tons
contaminated soil and debris was excavated from the Miami Drums Site. This material
was placed in visguene lined frucks and transported to a hazardous waste disposal
facility in Emelle, Alabama. This remova! activity was jointly funded by the EPA and
Pade County. In addition to this action, the contaminated water encountered during
excavation was removed, treated, and disposed of onsite. A total of 850,000 gallons of
groundwater was treated prior {0 discharge to the Biscayne Aquifer. At the present
time, the mainfenance facility of the Dade County Rapid Rail Transit system is
operating at this site.

In late 1881, the Florida Department of Environmental Regulation (FDER) confracted
with Technos, Inc. to determine tha extent of groundwater pollution at the Miami Drums
Site. Geophysical measurements using electromagnetics (EM) and ground penetrating
radar (GPR) provided the data for this study. The EM results showed a significant
canductivity anomaly coincident with the site that provided evidence of a strong plume-
like trend to the southeast in the direction of the groundwater flow and towards the
Miami Springs/Preston Well Fields. Several less significant conductivity lobes were
also detected west and north of the site toward the Medley Well Field. Although the
Miami Drums Site significantly contributed to the area wide groundwater problem, this
Remedial Investigation, as well as a separate remedial investigation, conducted during
1683 by FDER at the Miami Drum Site, found no evidence of an independent,
concentrated contaminant plume from the Miami Drum Site.

The result of the Miami Drums investigation as well as the Varsol Spill and 58" Street
Landfill investigaticns indicted that, there was no concentrated contaminant plume
emanating from the Miami Drums site nor the other two Superfund sites to the well
fields. However, low, dispersed levels of volatile organic chemicals have been found
throughout the study area and groundwater plumes have blended together and become
indistinguishable with the general poor groundwater guality in the developed area. The
main explanation for this is found in the hyrdogeoclegic conditions within the study area:
the high transmissivity of the Biscayne Aguifer; the widespread interaction of
groundwater with surface water bodies throughout the study area; and the high,
centinuous pumping of groundwater at several municipal well fields.

Basis for Taking Action

In 1881, the courts ordered Miami Drum Services to shut down operations because the
company violated its operating permits. Since the property was located near existing
rail lines, Dade County acquired the land for a maintenance facility and repair yard. Not
long after construction started, county transportation cfficials discovered hazardous
waste contamination left behind by Miami Drums.



IV. Remedial Actions
Remedy Selection
Miami Drums Services ROD

Four remedial alternatives were considered for the remedia! action of contaminated
s0ils at the Miami Drums Services ROD. Of these four alternatives, offsite removal and
disposal was selected as the remedy. EPA used the local expertise of the Dade
County Department of Environmental Quality (DEQ) to develop the cleanup strategy for
the site. Using funds originally earmarked for fransportation projects, DEQ removed the
contaminated seil and began {reating the groundwater, EPA reimbursed Dade County
for its expenses with funds that the Agency had collected from Miami Drum Services
and more than 180 other parties that had contributed to the contamination at the site.
The ¢leanup decision of the 1982 ROD included the removal and proper disposal of
approximately 15,000 tons of contaminated soil, and the treatment of approximately
850,000 gallons of contaminated groundwater directly beneath the Site.

After the contaminated soil was removed and the cleanup of the aquifer began, Dade
County was able to resume the consfruction cf the rait maintenance and repair facility.
Now in operation, the 82-acre William Lehman Operations and Maintenance Center
serves as a major train repair facility for Dade County’s aboveground electric rail
system. The facility supports an environmentally friendly means of pubkic transportation
by providing the maintenance required for reliable daily operations.

Biscayne Aquifer RCD

The RQD fer the Biscayne Aquifer selected Alternative No. 2 as the appropriate
remedial action for the study area groundwater. This alternative utilized the existing
Miami Springs and Preston Well Fields for contaminant recovery and treats the volatile
organic constituents in the recoversd groundwater through the use of air strippers at
each water treatment plant. The cone of influence from these two well fields covers the
Miami Drums site and a large portion of the regional VOC plume.

The Miami Dade Water and Sewer Department (MDWSD) has ¢onstructed a treatment
system that will handle the combined capacity of the Preston and Hialeah WTPs. This
system includes the blending for uncontaminated water from the Northwest well field
with the contaminated water from the Miami Springs and Preston Well Fields.

MDWSD's motive for treating the finished water (as opposed to the raw water) from the
WTPs was to reduce the leve| of trihalomethanes {resuiting mainly from chlorination of
the water at the WTPs) and color in water. The additional treatment for this purpose is
unrelated to the hazardous waste contamination of the groundwater in the study area,
and thus the added costs would not be eligible for federal participation. The
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recommended remedial action of Alternative No. 2 compares favorably with MDWSD's
plans because it essentially reduces the VOC centaminants to similar levels as treating
the raw water (influent).

An important aspect of the Biscayne Aquifer remediai alternative is related to the
operation of the Miami-Dade Water and Sewer Department's water facilities. Included
in the following section is a brief summary of the water treatment piants and some of
the well fields serving the Dade County residents.

Miami-Dade Water and Sewer Department (MDWSD) Water Fagiiities

Water supply for MDWSD is derived primarily from seven major wellfields located in the
Hialeah-Preston and Alexander Orr Services Areas. Figure 4 depicts wellfield focations
within each of the service areas. Treatment of the water from the seven major
wellfields is achieved at the three major WTPs: Hialeah, John E. Preston, and
Alexander Orr, Jr. The Hialeah and John E. Preston WTPs together treat water from
the Northwest, Miami Springs, and Hialeah Wellfields. Alexander Orr, Jr. WTP treats
water from the Alexander Orr, Snapper Creek, Scuthwest, and West Wallfislds. All
three WTPs use conventional lime softening, followed by filtration and disinfection. The
Hizleah and John E. Preston WTPs also use air stripping to treat any VOC
contamination known to be present in the Miami Springs and Preston Well figld. Figure
4 also shows the physical location of MDWSD's WTPs.

All of MDWED's water supply wells are constructed info the Biscayne Aquifer, and the
water yield ranges from 500 gpm ta more than 7,000 gpm per well (Fish and Stewart,
1881). The aguifer is recharged locally by rainwater that percolates downward from the
surface as well as by the Everglades, and a system of canals that extend west.

The Hialeah and Preston WTP are supplied water through four water supply wellfields:
Hialeah Well field {3 active wells)

Miami Springs (Upper and Lower) {20 active welis)

Northwest Well field (15 active wells)

John E. Praston Well field {7 active wells)

Hialeah Well field

The three active wells in the Hialeah Well field were constructed in 1938. The wells are
14-inch diameter and between 80 to 90 feef deep. The capacity of each of the three
wells is 2,500 gallons per minute, with a total of 10.8 mgd. These wells are identified as
Site 40 on Figure 5 and Table 1.

Miami Springs Well field

There are 20 active wells in the Miami Springs Wel! field, which is divided into the



Lower Well field (eight wells} and the Upper Well field (12 wells). The wells were
constructed between 1924 and 1945, are 14-inch diameter, varies in depth between 49
feet and 146 feet, The design installed capacity of the wells ranges from 2,500 1o 5,000
gpm, with a tota! of 79.4 mgd. The Lower Weil field is identified as Site 42 an Figure 5
and Table 1 and includes wells 1-8. The Upper Wall field is identified as Site 41 on
Figure 5 and Table1 and includes wells 9, 10, and 14 through 23,

Nerthwest Weii fiald

The 15 active wells in the Northwest Weli field were constructed in 1880. The wells are

42-inch diameter and 80 feet deep with 34 feet of casing. The design installed capacity

of the wells range from 8,000 gpm to 10,000 gpm. The total design installed capacity

for the Northwest Well field is 213.3 mgd. These wells are identified as Site 45 on
_Figure 5 and Table 1.

John E. Preston Well field

The seven active wells in the John E. Preston Well field were constructed between
1966 and 1872. These wells are 42-inch-diameter and 107 feet deep, with 66 feet of
casing in each. The capacity of each wellis 7,000 gpm with a total of 70.6 mgd. These
wells are identified as Site 30 on Figure 5 and Table1,

Hialgah VWatar Treatment Plant

The Hialeah WTP was originally designed in 1524 with a total capacity of 10 mgd. This
capacity was doubled later that year and then again in 1935 to reach a fotal capacity of
40 mgd. In 1946, capacity was increased to 60 mgd, which is the plant's current
capacity. In 1881, air strippers with a capacity of 84 mgd were added to the Hialean
treatment process to remove volatile organics from the finished water. The Hialeah
WTP receives its source water primarily from the Hialeah-Miami Springs Wellfields,
suppiemented by the Northwest Well field. This WTF has a current rated capacity of
60 mgd and a basic treatment regimen that includes me scftening with sodium silicate
activated oy chloring, recarbonation, chlorination, ammoniation, fluoridation, filtration,
and air stripping.

Water quality analysis is performed throughout the year for internal purposes and to
meet DERM and DCDH requiremants. This water quality analyses includes sampling
for. metals, anions, physical and chemical properties, microbiclogical, organics and
volatile organics. These “Typical Average Analyses” are made availabie to MDWSD
consumers annually in a consumer confidence report. Maximum Contaminant Levels
(MCLs) set by EPA, FDEP, and Miami-Dade County are also noted in this report.

An itemn of particular concern at the Hialeah WTP is the presence of small amounts of
vinyl chlaride, a VOC, in the Hialeah-Miami Springs raw water. The average
concentration of vinyl chicride found in the raw water over the past four year is 0.004



mg/l. This is above the MCL of 0.001 mg/t. This volatile constituent is reduced to
below detectable limits by the water treatment plant process and by the use of air
stripping the finished water,

John E. Praston Water Treatment Plant

The John E. Preston WTP was first designed as a 0 mgd plant and upgraded to 110
mgd in 1980. In 1884, the plant was re-rated to a iotal capacity of 130 mgd, and in
1988 the plant reached its present capacity of 165 mgd with another additior:. In 1991,
the plant was modified with an air stripper capacity of 185 mgd to remove VOCs. The
John E. Preston WTF cbtains its source water from the Northwest Well field and some
blended water from the Preston wellfieids. The current rated capacity is 165 mgd with a
treatment train similar to the Hialeah WTP.

Similar to the Hialeah WTP, the water quality at the John €. Preston WTP is analyzed
throughout the year to meet regulatery requirements. This information is made
available to MDWSD consumers annually in a censumer confidence report.

The John E. Preston WTP receives raw water from the Northwest Wall field that has a
refatively high color of over 50 color units (CU) due to high organic content. Total
arganic carbon (TOC) levels are typically greater than 15 mg/l. Finished water
generally has a color range of 10to 15 CU, which is of particular concern to customers.
The high organics content of the raw water also contributes to the formation of higher
levels of disinfection by-products (DBPs) formed when chigrine reacts with the
organics.

Remedy Implomentation

The Remedial Action took piace in two separate phases. The first phase entailed the
removal and off-site disposal of hazardous waste soils and debris and the treatment of
contaminated groundwater associated with the Miami Drums Site. The activities for
this phase were initiated in December 1981 and were completed in January 1982,

The second phase entziled recovering and treating the contaminated groundwatar.
Although a separate and distinct plume has not been identified to this site, the Biscayne
Aquifer Remedial Investigation found that continuous pumping of the Miami Springs
and Preston production wells tends to draw agsociated groundwater conteminants from
the former Miami Drums Services Site. Therefore, it was determined that withdrawal
and treatiment of groundwater at a centralized location (i.e., Preston and Hialeah
WTF's) was more favorabie than treatment of groundwater at the different sources. 44
and 20 air strippars were added to the Preston and Hialeah WTP's, respectively in
1992 to treat the volatite organic constituents associated with tha Miami Drums site and
other NPL sites.

System Operation/Operation and Maintenance
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The Miami-Dade Water and Sewer Department have been monitoring VOC
contamination in the Hialeah Well field, the Upper and Lower Miami Springs Weil field
and the John E. Preston Well field quarterly from 1988 to 1992 and annually from 1963
to present. The reason for the reducticn in the frequency of monitoring was a result of
the relaxing of regulaticns for monitoring at the supply welis. In addition, the MDWSD
monitors the raw water Influent, the air stripper tower influent and the finish water
effluent a minimum of four times per month,

Due to regional contamination at the Hialeah Wei! field, the Miami Springs Well field
and the John E. Preston Well field, these three wells fields were not operative until after
the air strippers were instailed and functioning at the Hialeah and John Preston Water
Treatment Plants in 1992. Prior to 1982, supply water for these two piants was
provided from the uncontaminated Northwest Well field. Water is presently blended
from both the contaminated and uncontaminated well fields,

Attachment E provides operating data for the different supply welis that provide water to
both the Preston and Hialeah Water Treatmant Plants. This attachment notes
operating data for the month of January 2001. This data shows that on a typical
operating day, only around 50% or less of the wells are operating. Mr. Art Baldwin of
the MDWSD noted that the operation of the wells are on a rotating schedule and this
schedule is based on the maintenance ofthe wells, pumps, and supply lines and is alsc
based upon the laboratory sampling schedule for testing. Attachment E also shows
that the wells pump greater than the rated capacity of the pump. For example, on
January 1, 2001, the average supply well provided water at 17.25% more than the rated
capacity of each well pumping. Mr. Baldwin stated te reason for this was due to a low
headloss in the receiving pipes (a large diamater receiving pipe).

The Medley welifield is located directly west of the Miami Drum Services Site and was
utilized in the past to provide water to both the Preston and Hialeah WTP's on an
emergency basis. The Medley wellfield is no fonger in operation due to high levels of
contamination ih groundwater near the wellfield. This well field has not operated since
the 1980's. Mr. Baldwin did not know if this well fieid would ever resume operation.
There could be a possibility of this well field starting up again if the demand for water
gxceeds present supply capacity.

Attachment D provides plant influent, air stripper tower influent and effluent water
quality for VOC’s and TTHM's during the 2001 operating year. This data shows that the
influent VOC concentratian to the plant is typically between 1 and 2 ppb for the Hialeah
WTP and legs than 1 ppbk for the Preston WTP. There is some reduction in VOC
cancentration between the plant influent and the air stripper tower influent. As noted in
Appendix A, the air strippers remove VCCs to below detection limits (BDL) during most
operations. There have besn some detection of VOC’s during the sampling of the
finished water, however, these have been the exception. The Miami-Dade Sewer
Depariment does provide information to the public on the quality of water being
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cansumed and this is provided on an annual basis to all customers.

V. Progress Since Last Five-Year Review

This was the first five-year review for tha site.

VL. Five Year Review Process
Administrative Components

The Miami Drum Services Five-Year Review team was led by Bill Neimes of the
USACE and included Arthur Baidwin of the Miami Dade Water and Sewer Department.
A site visit of the Preston Water Treatment Plant was conducted on July 25, 2002. In
addition to inspecting the Preston Water Treatment Plant, the Former Miami Drum
Services site was also viewed. Several photographs were taken during the site
inspection and these photographs are shown in Attachment A.

Community Involvement

Althcugh no activities were planned to involve the community in the five-year review
process, the community is made indirectly aware of groundwater contaminants and
directly aware of drinking water contaminations through the Miami-Dade Water ang
Sewer Depariment public documents.

Document Review

This Five-Year Review consisted of a review of relevant decuments including the Miami
Drum Services and Biscayne Aguifer ROD, The EPA did not have any documents on
Administrative Record and the records were either obtained from the FDEP files in
Tallahasses or the Miami Dade Water and Sewer Department files.

Data Review
Groundwater Monitaring

As noted on Figure 6, there are 23 Hialeah or Miami Springs wells and 7 Preston that
provide source water to the Preston and Hialeah WTP's. Of the 7 Preston wells, Wells
1 through 6 are situated on the perimeter of the Preston WTP while Well 7 is located
near Well 1. Of the 23 Hialeah wells, there are three wells adjacent {0 the Hialeah
WTP, eight wells in the southern Miami Springs wel! field and 12 wells in the northern
Miami Springs well field.

Both the Hialeah Wells and Preston wells have been monitored by the Miami Dade
Water and Sewer Department since 1988. From 1988 through 1992 these wells were
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monitored quarterly. However, in 1892, public utility monitoring requirements were
relaxed to where it was not a requirement to monitor at the welthead for drinking water
systemns. Even though there was no mandate for wellhead monitoring, the Miami Dade
Water and Sewer Department continued to monitor each of these 30 wells on an
annual freguency. Monitoring of these 30 wells is typically performed in the fall seascn
(either in Qctober or November) but there have been certain years where these wells
have been monitored during other months of the year. Attachment B denotes the total
VOC concentration in both the Hialeah {Miami Springs) wells and Preston wells from
1988 through 2002.

Preston Wells (Seven Wells)

The VOC coneentration for the seven Prestan wells circumfarencing the Preston WTP
varied between non-detect and 20 ppb during the years 1988 through 1993 with a
general downward concentration trend over this duration. In 1994, the VOC
concentration in severai of the wells noted steep increases. Specifically, Preston wells
1, 4, and 5 noted approximately a 4X increase in VOC concentration between the
September 1983 and November 1994 sampling dates. The increase in VOC
concentrations in several of the Preston wells during the 1893-1994 time span may be
due to a delayed response from the startup of these wells in 1982. Prior to 1982, the
supply wells were not actively pumping groundwater sc the contamination may have
been localized in the vicinity of each supply well. However, the wells were reactivated
in 1992 and the increases in VOC concentrations may be an indication of tha regional
groundwater quality. By October 1998, VOC concentrations in all seven Preston wells
were less than 5 ppb with the exception of Preston Well No. 5. The latest recorded
sampling event in April 2002 notes that all seven Preston wells have recorded VOCs of
less than & ppb.

Miami Springs Lower (Eight Wells)

The Miami Springs Lower Well field are noted on Attachment B as Hialeah Wells 1-8.
Similar to the Preston wells, many of the Lower Miami Springs wells noted a general
downward VOUC concentration trend since the inception of monitoring in 1988 to the
latest menitoring date in 2002, The exception to this gereral downward VOC
concentration trend was Well No. 8. Between July 1982 and November 1995, the VOC
concentration in this well went from near BDL to over 50 ppk. The most recent
monitering of this well showed VOC concentrations of less than 10 ppb. It is not
obvious why only one of the eight Lower Miami Springs weils would note a sharp
increase in VOC concentration between 1893 and 1995. Although the increase in VOC
concentrations correspond to the general startup date for the recovery wells after air
stripper instaltation at the Water Treatment Plants, the VOC plume was not localized
near any specific municipal supply well to note significant differences in VOO
concentrations between Well N¢. 8 and the other seven supply wells. Well No. 8 is
located within a residential neighborhood so logalized contamination in this weil should
not be from any industry, dry cleaner store or other potential candidate. Even though
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there was a significant increase in VOC congentration in Well No. 8 in the 1892-1995
timeframe, the VOC concentration has subseguentially diminished to levels of less than
10 ppb during thé most recent sampling event.

Miami Springs Upper (Twelve Wells)

The Miami Springs Upper Well field wells are noted on Attachment B as Hialeah Wells
9, 10, and 14-23. The charts in Attachment B note a general downward VOC
concentration over the monitoring period from 1988 through 2002. There have been
seme periodic spikes over this time period, most notably the VOC concentration spike
at Wells No. 17 and No. 23 in 1992, and Well No. 20 in 1984, Thase VOC
concantration spikes may be attributed to the startup of the Miami Springs Upper
wellfield after construction of the air strippers at each Water Treatment Plant. The
. water supply well located nearest the former Miami Drums Services Site is Well No. 9
and the VOC cancentration data for this supply well varied between non-detect and 15
ppb over the monitoring period with the most recent VOC concentration indicating 2

ppb.
Hialeah Well field (Three Welis)

The Hialeah Wel! field are noted in Attachment B as Hialeah Well Ne. 14-13. The VOC
concentration trend for these three wells note two peaks, one in 1980 and the ctherin
the 1894 —1995 tmeframe. The peak inthe 1994-18085 time frame is similar to supply
wells in gther wellfields and may be attributed to the initiation of the supply wells in
1882. However, these are the only wells to show a significant increase in VOC
concentration in 1890. Natural attenuation may account for the reduction of VOC
concertration in these welis after 1890.

Overall Analyses

There have been noticeable reductions in each municipal suppiy well since the initiation
of remedial actions. With the exception of one supply well (Hialeah Well No. 8), all
supply wells now are indicating VOC's at less than 5 ppb. This is noticeably different
than the 1993-1994 timeframe when many supply wells were noting VOC's levels
greaterthan 20 ppb. [t is difficult to determine if these VOC's are being removed at the
two water treatment plants or whether other natural phenomena is assisting in VOC
reduction. There are several documented sites in which biodegradation of VOC's has
significantly centributed to VOC reduction and biodegradation can often be the
dominant factor in the removal of VOC contamination. Teo evaluate whether or not
biodegradation is accurring, the U.S. Air Force has developed a screeningfscoring
mechanism based upon analyses of different parameters, Table 2 provides the list of
parameters and the points awarded for each parameter. The full progcedure for
evaluating biodegradation is provided in Attachment G. It is recommended that the
MOWSD consider utilizing this technical approach for gvaluating the possible benefits
of bicdegradation
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Air Monitoring

The Miami-Dade Water and Sewer Department does provide an evaluation of air
emissions from the air stripping towers at the Hialeah and Preston Water Treatment
Plants. The Hialeah and Preston WTP’s are permitted by the State of Florida under Air
Operating Permit Number 0250281-004-AV. This air permit is a Title V permit and the
most recent permit was issued on June 29, 2000 and expires on June 28, 2005. This
air permit provides the menitaring of the VOC's as well as a lime recalcinating kiln,
standby diese! generators and two lime siles.  Air emissions are not directly monitored
at each air stripper stack, but are indirectly monitored by multiplying the influent VOC
concentrations by the monthly flow weighted average. As stated in the air permit* The
emission of each pollutant ... shall be calculated monthly by mass balance, caloulated
from the average concentration of the water entering the emission unit and the monthly
water flow rate, assuming that all of the pollutants are volatilized to the air. The
average influent concentration shall be based on a minimum of four water samples per
month, representative of the influent to the permitted emission unit. The monthly flow
rate shall be the total volume of water measured that flow through the emission unit
each month.”

Mr. Richard O'Rourke of the Miami Water and Sewer Department tabulates the air
emission data on a monthly basis and this information is provided to the Flerida
Department of Environmental Protection Southeast District's Air Permitting Section
annually. The volatile organic pollutants of concern include the volatiles in the
groundwater and velatile organics resulting from the chlorination process. The volatile
organics resulting from the chlarination process are noted as trihalomethanes (THM's).

Mr. O’Rourke stated that the air emission limitation has never besn exceeded although
he did note that there were violations of the previous air permit. The reason for these
viclations was not due to the mass of volatiles being emitted but was based upon an
exceedance of the influent concentration of the volatiles. If the influent concentration
exceeded a specific imit, there would be a viciation of the air permit. As stated in the
previous paragraph, the air permit is now based upcn a mass calculation rather than on
the concentration of volatiles in the influent. Included in Aftachment C is a record of
monthly air emission caleulaticns for January 2000 through May 2002, This infarmation
documents that the VOC emissions calculated for the Hialeah and Preston WTP's were
significantly below permitted emissions. The air permit allows upto 1 ton per 12 month
period for each permitted VOC. Of the VOC'’s being recorded, the most significant
VOC contributor to air emissions has been vinyt chloride. The maximum 12 month total
emissions for vinyl chloride oceurred in January 2000 where the 12-month total VOC
emissions was 0.148 tons. This is approximately 7 times less than the permit limitation
of 1 ton.
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In addition to calculating the mass of velatiles being emitted from the air strippers, the
Miami Dade Water and Sewer Department also monitors the ambient air arcund the
two plants for volatile organics. This is not & permit requirement but is performed to
document the ambient air guality of the air space in the vicinity of the two water
treatment plants.

Influent and Effluent Monitoring

The MDWSD collects sampies at both the Hialeah and Preston WTP’s a minimum of
four times per month. This monitoring frequency is specified in the Title V air permit.
Included as Attachment D are the results of monitoring the Hialeah and Preston WTP's
during operating year 2001. During most months in 2001, water samples were
collected mare than four times per month, although water samples were collected only
three times in December 2001. Water samples are collected at the treatment plant
influent, the air stripper tower influent and the finished water. Forboth the Hialeah and
Preston WTP's, the treatment plant influent VOC concentration was typically higher
than the tower influent VOC concentration. This indicates that there is volatilization of
contaminants in the treatment plant prier to air stripping. An example of this difference
is noted in the October sampling information. For the Hialeah WTP, the average
influent VOG concentration te the treatment plant during the month of October was 1.02
ppb and the average VOC concentration to the air strippers during the month of
October was 0.54 ppb. The October 2001 sampling indicates a significant percentage
of VOC are removed during conventional water treatment process prior to air stripping.
The air permit does not consider volatilization of VOC's prior to the air strippers.
Adding the emission of volatiles from the conventional treatment plant to the emission
of volatiles from the air strippers has notviolated the permitted air emission limitations.
Although the addition of VOC's being removed by the conventional water freatment
pracess does significantly contribute to the overall plant air emissions, it is apparent
thatthe VOC's entering the water treatment plants have reduced in concentration since
the initiation of the air strippers in 1892 and the cumulative air emissions from the
conventional water treatment plant and the air strippers are within the permit limitations.

In most sampling events, the effluent VOC concentration was below detection limit.
There were a few sampling events where trace amounts of VOC were detected in the
effluent. Of the 170 effluent samples faken at both the Hialeah and Preston WTPs,
there were four detections of VOC contaminants, These quantifiable detections were
still below the MCL's.

Site Inspection
The Five-Year Review site inspecfion for the Miami Drums Services Site was held on
July 25, 2002. Mr. William Neimes from the USACE and Mr. Arthur Baldwin from the

Miami-Dade Water and Sewer Department attended the site inspection. Mr. Baldwin
provided access to the John E. Preston Water Treatment Plant. At this plant, the
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inspection team toured the plant's treatment system, especially the air stripper towers
that were integral to the Biscayne Aquifer Sites. There are forty-four air strippers at the
Preston Water Treatment Plant and these towers are 14 feet in diameter and 20.5 feet
of packing. Mr. Baldwin menticned that these air stripping towers are cleaned on
occasion by replacing the packing with new packing. Based on effluent concentrations
of VOC's the air stripping towers are removing any VOC's in the supply water prior to
discharging this water to the pump station and transmissien lines. There were several
photographs taken of the John E. Preston Water Treatment Plant and these are
provided in Aftachment A,

The Hialeah Water Treatment Plant is located across the street from the John E.
Freston Water Treatment Plant and includes twenty air stripping towers. The
dimensions of the air stripping towers are similar to the air stripping towers at the Jehn
E. Preston Watar Treatment Plant. Since the Hialeah Water Treatment Plant utilize
similar equipment and processes water similar to the John E. Preston Water Treatment
Plant, it was decided against inspecting the Hialeah Water Treatment Plant.

Mr. Baidwin drove to the location of Upper Miami Springs Well No. 8. This supply well
is the nearest well to the former Miami Drums Services Site. This well, as well as many
of the other supply wells, are located in residential neighberhcods. Two photographs
show the location of this well and pump station. tn the background on one of these two
photographs is the FEC Canal and behind this canal is the former Miami Drums
Services Site.

Mr. Baldwin then drove to the William Lehman Operations and Maintenance Center
where the former Miami Springs Services Site was located. A photograph provides a
panoramic view of this site from Milam Dairy Road.

Interviews
Miami-Dade Water and Sewer Department

Bonnie Wells — (786) 552-8107

Ms. Wells is responsible for Contracts and explained the funding issues. Ms. Wells
stated that Miami-Dade County received 41% funding for the construction and
operation of the air stripper towers at both the John E. Preston WTP and the Mialeah
WTP. The funding for operating the air stripper towers at both these plants expires in
September 2002. She stated that the Miami-Dade Water and Sewer Department will
continue to operate these air stripper towers after the funding from the EPA has
dissipated.

Arthur Baldwin — {305) 299-8289
Mr. Baldwin provided a site tour of the John E. Preston WTP, some of the municipal
supply wells and at the former Miami Drums Services site. While at the Preston WTP,
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we reviewed plant operational records. Mr. Baldwin also answered questions
concerning to operation of the different supply wells, providing water to the two water
treatment plants.

Richard O'Rourke — (786) 552-8123

Richard O'Rourke provided air compliance records for the air strippers at the Preston
and Hialeah WTP. Mr. O'Rourke explained that the air permitting requirements are
based on a Title V Air Operating permit from the State of Florida. Mr. O'Rourke noted
that the permit could be viewed and downloaded via a FDEP web site.

Ray Diaz - (305) 275-3614

Mr. Diaz provided VOUC concentration data for the Preston and Miami Springs welifields
for the menitoring period from 1988 until 2002. Mr. Diaz explained the sampling
methodology (annual sampling in the fall quarter) for these 30 supply wells.

Noel Grant - {305) 275-3178
Mr. Grant provided influent and effluent data for the Hialeah angd Preston Water
Treatment Plants during 2001.

DERM

Becky Varley — (305) 372-6824

Ms. Variey works for Dade Environmental Resource Management and was called to
rasearch the two petroleum sites that were noted as contaminated under the Petroleum
Cleanup Program. Ms. Varley stated that one of the sites is an active facllity and is in
the process of being remediated. The site is identified as Florida East Coast Railway
Hialeah Locomaotive Service Area. The Facility ID Number is 138622168. As noted on
Figure 8, this facility is located approximately 1/3 mile from Miami Springs Well No. 8.
Figure 8 shows the estimated free product plume at this site. Remedial efforts have
been undertaken to alleviate this free product plume.

John Hickey — (305) 372-6713

Mr. Hickey was called {0 research records associated with the remediation of the Miami
Orums Services site. Mr. Hickey's assistant raspanded by noting that DERM does not
have detailed and thorough records prior to 1983. Mr. Hickey also noted that he has
visited the local {ibrary (local repository) to research site records and he did not find
much information available at the local library.

Fiorida Department of Health
Lee Skornia - (850) 245-4444 X 2292

Mr. Skornia works for the Florida Department of Health in Tallahassese, Florida and his
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name was provided as a contact person for identifying any private potable wells in the
vicinity of the Miami Drum Services Site. Mr. Skornia noted that there were no
registered private wells within a mile of the former site. Mr. Skornia stated that there
was a FPL irrigation well near the former site and there were recovery wells from a
petroleum contaminated site near the former site. Mr. Skornia faxed a map identifying
the location of the irrigation well along with identifying the twe petroleum sites. This fax
is provided as Figure 7.

VIl. Technical Assessment
Question A. |s the remedy functioning as intended by the decision documents?

There have been two decision decuments associated with the Miami Drums Services
Site. The first decision document, the Miami Drums ROD, provided infermation of the
rermediail activities conducted at this site. The removal of drums, and the excavation
and remaoval of contaminated soils from the site achieved the remedial objectives to
minimize the migration of cantaminants to the groundwater and to prevent centact with
contaminants in the soii. There was an alternative to excavate additional soils to
eliminate low levels of mercury contamination in the soils, but this was decided against,
given the naturally basic water (pH 7-8.5) in the groundwater. This site has been
converted to a maintenance facility for the Dade County Rapid Rail Transit Project.

The second decision document, the Biscayne Aquifer Sites ROD, included an
alternative for the widespread groundwater ¢ontamination near the Miami Drums
Services Site. The Miami Drums Services Site is partially attributable to this
widespread groundwater contamination plume, This decision documant provides for
treatment of contaminated groundwater at two Regional Water Treatment Plants,
Contaminated groundwater will be supplied to these plants through existing supply
wells. Groundwater monitoring records from 1988 to present indicate a steady VOC
concentration reduction for many of the municipal supply wells.

Question B. Are the exposure assumptions, toxicity data, cleanup levels, and
remedial action objectives (RADs) used at the time of the remedy salection still
valid?

Soils at the Miami Drums Services Site were excavated based on three criteria: (1)
visibly contaminated soils; (2) all debris and structures; (3) soils displaying parameter
values significantly higher than 10 times the State’s minimum criteria for groundwater
based cn EP toxicity analyses. A description of the soil excavation is noted on Figure
10. Since this time, the State has promulgated soil cleanup levels based either on
leachability standards or toxicity standards. These standards are identified in Chapter
82-777, Florida Administrative Code. During the review of files at the State of Florida
Records Centerin Tallahassee, Florida, efforts were made to obtain documents noting
the cleanup levels achievad by the remedial activities during the 181-1982 timeframe.
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A report Evaluation of the Cleanup Activities Already Undertaken at the Miami Brum
Services Hazardous VWaste Site noted the cleanup efforts accomplished by the
remediation contractor. This repert notes that mercury contaminated soils were
identified but were not removed. These soils were determined to be contaminated
based upon the criteria of “10 times the State's minimum ¢riteria for groundwater based
upon the EP toxicity procedure”. These soils in excess of this factor of 10 criteria are
noted on Figure 11, Provided the upper two feet of clean fill material ar an
impermeable surface cap such as asphalt or concrete is maintained across the site, the
soll removal action previously conducted is considered sufficient by DERM to comply
with the cleanup requirements applicable to this site. However, upon site closure, a No
Further Action with Conditicns will apply which will require a restrictive covenant to
ensure that the surface seal {fill, concrete, or asphalt) is maintained.

Several priority polfutants have been identified in the Biscayne Aquifer Sites ROD.
These include inorganics, volatile organics, and other organic compounds. The list of
contaminants included in the Biscayne Aquifer Sites ROD s listed in the table helow.
Columns were created to identify the cleanup goals in the ROD and comparing these
cleanup geals te. (1) the Federal MCL's: {(2) the State of Florida MCL's; and (3) the
State of Florida Cleanup Target Levels, as noted in Chapter 62-777, F.A.C. Even
though the list of contaminants is extensive, the only priority pollutants that were most
prevalent throughout the area and in the finished water from the Hialeah and Preston
WTPF's were the Volatile Organic Compounds. Althcugh inorganics, other pricrity
pollutant organics, pesticides and PCB’s were detected in some weils throughout the
study area, the concentration of these constituents in the supply wells and the two
water treatment plants (Hialeah and Preston) are below MCL's. Upon site closure
under CERCLA, DERM would require that representative groundwater samples be
obtained from the site to determine the current conditions at that time. If groundwater
impacts are present above sub-regional groundwater contaminant concentrations,
DERM may require additional assessment at the site and, unless remediated to sub-
regional contaminant concentrations, a No Further Action with Conditions requiring a
restrictive cavenant prohibiting on-site water usage.

TABLE 4 - TABLE of ARAR’s
{(Note: all concentrations in ug/)
Contaminant Cleanup Current State MCL State Cleanup
Goals in ROD | Federal MCL | (FAC 62-550) | Target Levels
(4CCFR 141) (FAL 62-777)
Inorganics
Arsenic 50 50 50
Cadmium 10 5 5
Chromium 50 100 100
Lead 50 15 15
Mercury 2 2 p
Selehium 10 50 50
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Volatile Organics

Vinyl Chloride 1 2 1

1.1,2,2-Tetrachloroethane 0.2 0.2

Benzene Q.7 5 1

Methylene Chloride 0.2 3 3

1, 1-Dichioroethane 0.9 70

1,1-Dichlgroethene {.04 7 7

Acrylonitrile 034 1

Chlorobenzene 488 108 100

1,2-Dichloroethene 270 cis — 70 cis =~ 70

{cis & frans) trans — 100 trans — 100

Toluene 340 1000 1000

m, o & p —xylene B20 {total) 10,000 (total) | 10,000 {total

Trichloroathene 28 5 3

Ethyl benzene 1,400 760 700

Tetrachloroethene g 5 3

Chloroform 100 57

Bromodichloromethane 100

1.1.1 = Trichloroethane 22 200 200

Chloromethanse 2.7

Chloreethane iz

Cther Pricrity FPollutant

Organics

Chrysene 0.2 4.8

Anthracene 0.2 2100

Benzo (&) anthracena 0.2 0.2

Benzo (b & k) fluoranthene | 0.2 bh-02
k—0.5

Benzo (a) pyrene 0.2 0.2 0.2

Benzo (ghi) perylens 0.2 210

FPhananthrene 02 210

Pyrene 0.2 210

Flusranthens 0.2 280

Indeno (1,2,3-cd) pyrene 0.2 0.2

<4 — Dimethylphenal 400 140

2 4 — Dinitrophenol 70 14

4 — Nitropheno! 70 55

FPentachlorophenol 30 1 1

Phenal 3500 10

Bix (2-sthylhexyl} Phthalate | 8000 <] 8

Benzyl Butyl Phtahalate

Pesficides and PCBs

PCB-1254 £.00008

PCB-1260

PCB (tctal) 000008 0.5 0.5
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4.4 -DDT 0.00002 0.1
2.4-D 100 70 70
Silvex (2.4 5-TF) 10 50 50
Endosulfan Sulfate -- ——

Subsequent to the issuance of the Biscayne Aquifer ROD, Dade County developed a
code that prohibits the private use of groundwater wells for drinking water in areas
where water main is available. Section 24-12(2)(Q) of the Dade County Code.

In addition, Dade County has implemented a program for the protection of the Biscayne
Aquifer (the Biscayna Aquifer Protection Plan) .

Question C. Has any other information come to light that could call into question
the protectiveness of the remedy? -

There is no other information that quastions or challenges the protectiveness of the
remedy.,

Technical Assessment Summary

Accerding to the data reviewed, the site inspection, and the interviews, the remedy is
functioning as intended by the two RODs, The Former Miami Drums Services Site has
subsequently been developed by Miami-Dade County and is now incorporated by the
Witllam Lehman Operations and Maintenance Center, The Biscayne Aquifer Sites
ROD included a regionai approach to rerediating the contaminated aquifer. Through
the periodic use of the water supply wells in the contaminated area, there has been a
noticeable VOC reduction in many of these water supply wells.

VIl Issues
Currently Affects | Affects Future
lesue Protectiveness Protectiveness
(YIN) {YIN)
Continue annual manitoring of water supply wells and
provide a summary report on the reduction of VOC's N N
in supply wells associated with treatment remedy
Determine if reduction in VOC’s is primarily thraugh N N
purmp and treat or if biodegradation of VOC's is
pecurring st site
Determine volatilization of VOC's through N N
conventional water treatment plant in addition to
calculations being performed for the air strippers
Update iocal respository with applicable reports N N
Issue a No Further Actien with Conditions upon site N Y
closure. This requires a restrictive covenant.
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IX. Recommendations and Follow-up Actions

Affects
Issue Recoemmendations! Party Ovoersight | Milestone | Protectiveness?
Follow-up Actions Rosponsible | Agency Data (YIN}
Curreni | Future
report annual centinua to sample
monitaring of supply wells annually for MDWSD EP& N N
V0T data VOC's and provide this
informatien in @
summary report
biodegradation | analyze supply wells for
evaluation biodegradation MDWSD EPA N N
parameters
volatilization of calculate total rass of
WCC's at plant volatifes emitted at MDWSD FDEP N N
tragtment plant
update revigw repository and
repository update files MDWED & EFA N N
DERM
Rastrictive Upan site closure, this
Covenant should be required to DERM EPA M Y
ensure surface seal is
maintaingd I

X. Protectiveness Statement

Based upon records in the FDEP files in Tallahassee, Flarida, the selected remedy, as
executed, appears toc remain protective of human health and the environment.
Continued groundwater monitoring at each municipal supply well, and the water
treatment plant influent and effluent should be performed and documented to ensure
long-term protectiveness.

Long-term protectiveness of the remedial action for the Miami Drum Services Site is
maintained by continued cperation of the Dade County Trans# Maintenance and Repair
Facility. Long-term protectiveness of the remedial action for the groundwater
contaminant plume is through centinued monitoring of municipal supply wells and
continued treatment of the groundwater at both the John E. Preston and Hialeah Water
Treatment Plants.

XI. Next Review

The next five-year review for the Miami Drums Superfund Site is required by September
2007, five years from the date of this review.
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Attachment F
Documents Reviewed

Phase | -- Evaluation of the Clean-up Activities Already Undertaken at the Miami
Drum Services Hazardous Waste Site, Dade County, Florida, CH2M Hill, 1982.

Superfund Record of Decision: Biscayne, Aquifer Sites, FI (EPA ROD R0O4-85-004)

Phase Il = Sampiing, Analytical, and Investigative Program for the Protection of the
Biscayne Aquifer and Environment in North Dade County, Florida, CHZ2M Hill, 1984.

Remedial Investigation for Miami Drum Services Site, Florida, Florida Department of
- Enviranmental Regulation, November 1983.

Geophysical and Hydrogeolagical Investigation of the Miami Drum Site, Technos,
Inc. February, 1983.

Record of Decision for the Miami Drum Services Site, Dade County, Flerida,
September 13, 1882,

Field Investigations of Uncontrolled Hazardous Waste Sites, FIT Project, Ecology
and Environment, inc. December, 1981,

Phase lll - Feasibility of Remedial Actions for the Protection of the Biscayne Aquifer
in Dade County, Flarida, CH2M Hill, May,1985.

Draft Water Facility Master Plan, CH2M Hill, March 2000.
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Table & Cwners, construction detalls, and hydraulic data for supply wells in Dade County

[See ligure S For site Ipcations. USGS, U.S. Gealogical Survey; diametes, in inches; produclion interval, in ieet below land surface;

discharge, in gallons per minute; drawdown, In fest; pumping period, in hours; specific capacity, in gallons per minute per foot:

transmissivity, in feel sguared per day (270 x specific capacity); OH, open hole; 5, screen; —, no data

8ji Owner's  USGS _ . Production Pamping  Specific Estimated
well spply  Latiudsfongilude Diamel=r  Finigh Discharge Drawdown tnia-
Mo No. wedl Na. fmterval period  capacity slviny
34 1 5-3040 254 234802506 18 OH 20 - 4 1,350 1.13 2 1200 320,000
2 5-31 254 234802008 16 CH 19 ~ 50 1,375 .25 2 3500 1,500,000
35 1. — 254413801 642 12 o 1 - 20 - - — —_ -
2 —_ 154413501 540 & 06 it - 20 — - — — —
3 -_— 254412801 640 12 OH i 20 —_ -— —_ - —_
k1 ] —_ 254506801538 8 OH 1 0 —_ — — — —
2 - 254507801538 & OH 10 0 —_ — — — —
3 —_ 254507801637 B OH 10 0 — —_ — —_ —
7 1 — 254507RO2257 k. — 30 - 0 —_ - — — —
2 — 254514802257 2 - — - 110 - — —_ —_
3 — 254514802253 4 - 30 - 200 —_ —_ —_ _— -
4 — 254523802257 2 - == = 110 — — _ -
5 — 154527802254 4 — 30 - 130 —_ _ —_ —_ _—
1 — AMS17802230 4 0 - 13 — — _ — —
7. - 1545)8802229 4 W - 120 — — —
8 — 154519802232 4 — — - 200 — — — — —
9 — 254527302232 4 — 0 - - - —
10 — 254519802232 4 - 0 - 115 -_ - — - -—
11 - 254516802223 2 - — - 120 — — — — —
2 - 254518802224 pl - — - 120 — —_ _ ”
13 — 254509802256 2 - —_ = 120 —_ —_ —_ —_ —_
4 - 254509802211 2 _ = - 120 —_ _ —_ —_ —_
15 — 254517802212 2 - — - {20 — - o - —
16 — 254519802212 2 -— — =0 - - — —_ —_
17 — 25430980225% 2 - — - 0 —_ —_— — _— —
18 - 254 SO0B0 230 3 - 25 - — — — — - _
19 - 254527302254 4 — 25 — - _ _
20 — 254523802224 2 —_ —_ —_— - —_ — —_— —
21 — 254530802726 3 - - — - —_ — — —_
22 —_ 234500802230 fi — 30 — — —_ —_ —_ _
g 1 - 254945802 1 26 E - — - — — — — -
2 - 259634802126 1z — — 60 —_ - —_ _ _
3 —_ 254633802 1 26 12 - — m — — — — —_
iz 1 §-1475 254046801715 - CH 66— 107 2,780 1.4 —_ 1,740 470,000
2 S-1477 234552801716 — OH 66 - li7 1,780 4 2 18 220,000
k| 5-1478 254558801716 — OH 66 - 107 4470 4.4d — 538 250,000
4 5-1472 25404R301710 — CH & - 107 2,780 L0 2 1,540 440,000
5 £-1480 254953801710 - OH BG - 107 2,780 1.40 2 1,160 110,000
-] S-1481 25405880] 710 _— OH B - 1 2,780 5.82 2 490 130,000
7 $-3000 254043801720 42735 OH 655 — 1080 5 560 4.57 2 1,180 126,000
40 3 S-L1 254538301709 14 DH B3 a1 —_ —_ —_ —_ _
12 802 254542801709 14 DH g3 il — — — — —_
13 5-13 254538801712 14 oH B3 95 — -— - — —_
41 9 53621 254953801818 14 oH g0 6.1 133 g5 — 392 110,000
10 5322 254045301731 14 OH 114 46 —_ —_ — _ _
14 53140 2543801727 14 OH 614 13.0 1520 i — 229 62,000
15 8-13 254545801737 14 CH 757 330 2,310 24 _ 234 63,000
16 8-i6 254545801745 14 CH IO 0.5 2,560 55 — 485 t 30,000
17 8.17 254536801737 14 — T 87 2,450 5.3 —_ 452 120,000
18 §.3023 25454 5801 756 1a OH BO4 40,7 2,890 b.d4 — 452 120,000
19 5-324 254545801 BOS 14 CH B0.0 913 2400 E% - M 73,000
20 83028 254537301 748 14 OH 8.7 912 2450 6.0 — 414 | £0,000
21 5-3026 254837801 157 4 od 882 94.5 2,640 7.8 — 339 921,00
2 5.2027 154937601802 4 OH 821 932 2470 4.5 - 548 150,000
23 5-3028 254953801841 14 OH B4.0 970 2,880 16.3 —_ 171 48,000



Tahled. Cwners, construction details, and hydraulic data for supply wells in Dade Counly—Ceontinuad

[See figure §for site lacatlons. YSGS, LS. Geological Survey; diameter, in inches; production interval, in feet below land surface;

discharga, in gallons per minute; drawdown, In feet; pumping period, in hours; specific capacily, in gallons per minule parfopt;

\ransemisgivity, in feet squared per day (270 x specific cagacity); OH, open hole; §, screen; —, no datal

.. Dwnee's  USOS - ; : Estimbteg
g:;e well suppiy Latitudeflongitude  Diametzr  Finish m;lm Discharga  Drawdown Pﬂ&m :ap:::f:: lransmiy-
’ Heo. well Mo, Sivity
42 1 5-1 254853301714 14 oR &0 a7 3,300 EA " 540 150,000

] 5-1 25484380) 720 14 OH 19 95 —_ —_ —_ — —_
3 5-3 254854801721 14 ox 52 82 —_ —_ - — .
4 54 254850801716 14 - 84 - o4 2,730 67 - am 110,000
5 5-3 IS4RSTA0ITII 14 OH g2z 100 —_ _ _— — _—
3 5-313% 254853801742 14 —_ 48 63 — — — — _
7 3.7 254847801751 14 OH, a3 62 —_ _ _— — —_
g 5-% . 254848801737 14 OH - 50 54 1,790 16.2 —_ 111 10, 00K
43 ! 5-3005 2550719801 859 42 OH 50 132 27RO 1.7 2 1,640 440,000
2 5.3006 255019EC1 359 42 OH 4 131 1,780 3.5 2 o4 210,000
3 5-3007 255019E01585% 42 OH 659 132.0 2,70 2.0 2 1,360 330,000
4 5-3008 255019801 359 3 OH 545 — 126.5 2,780 49 2 ] 190,000
] 5-MK5 25501980[ 859 42 CH 54.5 1283 178G o 2 1,388 380,000
6 5-3010 255040801853 42 OH 55 — 131 1,780 20 2 1,390 380,000
44 ! 5-3042 254 200802 100 2 — —_ &d — - — —_ _—
1 §-3043 254909802100 8 —_— — 1] —_ _— —_— — —
A —_ 254842802023 1] —_ — a0 _ — — — —
B - 254 B4R802021 iD - -— % - _ —_ - —
[ - 254R488020213 I[13 — —_ %0 —_ —_ _— —_ —
ju] — 254B4REO2023 10 —_ —_ 90 — —_ —_ —_ —
45 1 - 254936802507 42724 OH Codl - — 2,760 3R 1 7410 2,000,000
2 — 254943302503 42124 OH t A 2,780 7 2 3610 970,000
3 _— 25495802303 42724 OH 40 —_ — — — —
Fi — 254958802 500 42724 0H 40 - _— — _ -_ —_
5 — 235005802504 42124 OH a0 —_ —_— — — — —_
] —-— 2550 2802504 42724 OH a0 —_— —_ - - — —
7 _— 243020802504 42/34 OH 40 -— —_ — — — —
] - 2552BR02 505 42034 CH Ww- — 2,780 A2 2 6670 1,800,000
o — 25512880244 42724 OH 40 —_ 2,180 38 2 7410 2,000,600
16 — 255035802430 42124 OH Lh] —_ — — — — —
11 _ 255043802450 42724 OH 40 —_ — — —_ - _
12 — 255051807451 4224 oH w0 - — 2780 g 2 7410 2000000
13 — 253058802451 42124 OH 40 _ —_ _ — —_ .
14 —_ 254 10680245) 4224 CH L L] —_ — —_ — — —
15 - 255113802451 az2/a4 CH 0 - — 2,780 87 2 4,150 Li0B.000
a5 ! — 233038RD0737 24 OH 144 - 171 3,900 4 2 93 260,000
17 1 —_ 2552218010458 & CH 45 47 520 1.0 2 520 140,000
2 - 255211801088 ] OH 45 — 47 520 14 2 520 140,000
3 — 255209800059 B GH & 69 625 1.3 2 450 120 000
4% I 3.3 255304R01 302 12 QH "~ 10 —_ — — —_ -
! 5313 2553006801307 12 3y ] 85 -~ 104 —_ - — —_ —
3 8-3131 255304801 316 12 OH 46 &0 — —_ - — _
L] 333 155305801316 12 OH 57 .4 — —_ —_ - .
5 S5-3133 255304301330 12 OH 6 - 107 —_ —_ — — —
[ 5-31M 255306801330 12 OH AT & —_— —_ —_ _ —
1 5:31% 255317801 317 12 OH 52 21} —_ — — - —
] 3-3136 253317801315 12 OH 52 &l —_ —_ —_ — —
449 | —_ 255258801422 & — —_ — —_ _ _ — _
2 —_ 255300801421 & - —_ — —_ — — — -
3 - _ S OH 40 —_ 430 - 1.5 - -
50 i - 285231802237 16 - — 0 — — - — —
2 —_ 255234B02233 1a OH 20 24 — — — _ —_



Téble3, Annlyticwl Parumetgrs and Weighting for Proliminary Boresning

Sancentration fn Mast Polntx
Analyte Contsminstad Zona Interpretatizn Avrarded
igan® <0.5 mpi Tolerated; aupprasses raduciive dechiorination al highar 3
concankmtions
Coaygent » 1 mgh Vil chiorde may be oxidized merobically, bul reductive ]
dachiotihalen Wil not occur
Nirmatg* <4 mpl May compeis with reductive pathway' 81 higher 2
eonssnirations
fron (0 = 1 mpl Axdictive pathway possible a
Sullate" < 20 mgll May sompsts with reductiva pathway at highe! ]
eoncaniretions
Sulida® > ¥ mph Reductve pathway possible
Mathane® » 0.1 mgl Viimate reguctive daughlsf product
=1 Vinyl chioride secumulatss
<4 Viryl chiotide oxidizer
Cxidation redustion < 5 mV against AglagCt RAesductve pathway possible <50 my w1y
polantial* = 0ImV =@
pH" SepHc® Tolurated range for reducive palhway
LOG » 20 rgh, Carbon and anargy scurce: drives dechiorination; can be 2
ratural 9¢ anthiopagamic
Tamperatura® » 20°C Al T » 208G, blozhamical procass i acceintaind i
Carbon dioxlde » 2% background LAimpte oxidethe deughier prod uct 1
Adkalinity = 2x background Rasu: from inleraction of carbon digxide with sgullar 1
minerals
Yiodde® » 2% backgrourd Daughier product of arganic chiodne; compate chiofde 2
In phima o bachgreund tond tions
Hydrogan *»1 M Reductive pathwiry poasible; virgd chiorice may 3
sgoumulale
Hydrogen <t RM Yinyl ohicrde oxidlyed
Valatla faty ackls »> 0.1 mgh infermeciatas feslling from blodegradation of ammatc 2
compoundy; carbon whd enkrgy Scurce
BTEX" »0.1 Mg Garcon and anargy scurce; drives dechlorination 2
Perchlotogthane® Muterin! reluassd
Trichorosthere® Materis! ralansad or daughisr produet of perchicrosthens -
Dichioroethana® Mainrial relvasad o1 daughiar produc of trohicrosihere, 2
W emount of si-1,2-dichiorosttiens i grealer than B0%
of votal dichiorasthana, 1 is Kealy & daughter preduct
trichioroptharn .
Vinyl ¢hidride? Matartal relensed or daughter product of dichicrosthanes o
Ethens/Elhang =01 mgl Daughber produst of vinyl chinrde/athene = 0,01 mple 2
>04 3
Chioroethane®™ Duightar product of viny! chioride under reducing 2

1,9,1-Trzhicroathenat

1, 1-dichieroethena®

tanditens
Material releasad

Baughier product of richiorosthens or Shemicel reaction
ol 1,4, 1-rchiorosthans - -

! Foduired analysls.

® points awarded only It it can be shown lhal the ¢ompound i8 a daughter product {l.e.,

48

not & consShuent of tha saurce NAPL),



FIGURES



Se——

%“%W%

88
)
< 2
Py b
=
EE
2 g
v =
B
=
CﬂC{Jﬂ
i
S I
S
= s
<< op
L =r
=
=4
s
2
o
Z
ol
i
— =
[
g =
B
o AL




-

186 12QUIad(] *2U[ “JUSWUOIAU puw A50j0dT Joy suo3saart (] se1a [
NS SINAIIG SUITLIC] TWIRIN suo3saury dp3rroo ) pues fe]
JO KIIUIaI A UT UOTI09S $501)) 2130[0a301pAH PazIjerauar) — 7 a3y - -

12427
eag

£311yoe3 Tesodsyg
ey oz - = 4 ﬂ#mhnwﬂom ¥
4 wopmsnisuey M R 192235 9385 A N 28307
LSVI T4 TeaTd4L o 2g
& o o ~ Lsan
- i3 57
g A a &
17
3 =
[ L=
[ [a W




[ “5

v

.‘l

"d_-l

A

il

"
W
-
=

o
=
v
=
-
-

=
5oL
s
[
z
o
T
s

o P 1 I

[861 “C1 Amnuef 01§ SIMA. 5 WHU(] TWRIA; ~ € 231




E s i % o jl"‘ k " I
E et ; .{ ; olout 5 T
il o Tl
i i : !
x oA WTHEL]s o = _4d- e
: L “BATE CouNTY| e = ﬂ
i L s » 1
% ; I - g y
- ; 5 ! ‘{ E ¥ w I H
" “_ ! ‘ i STRRCT ) A
Th iy = -0 ~
& f et b — I [ Rt -}ﬂ H Ll
Bk v — Il
B ¢ 5.0 1Y -
\ : AT LY
¥z e 7 M
fi : Lo WE v
oL
: fngnt’a 3 f——d PRISTCN;
/?.W‘F iz x -5 m bty !
: Lk : o> - 0
E e LB phE e ;
| . LI 1 N [ r
i W
; : tt l: L Lty | WA
gL : Rk . Rlaa
L -\_,J I I YT . C};?Q*
- Ff AN AL 21 3 _ELJ o . M5 TRICT
o —
; O o
A [N
1
o 0 AT o
e —
- 1109
& >4 by
i -
l; -
&
. < BISCAYNE
BRI BAY
[+
\ W
]
]
Ry N )
I Lfeoe | =] ]
nmut?‘ru‘ [r [ 4 ===y
WLl
T o
% ] -
- wmn‘%n
' : .
E 3 Lugeng
:_» ] L; a1 a MUWaE0 Scundary
B a 4 Woler Faglures
Lokas
s - Wotar Conamrvollon Arsg
Evirglades Matianol Perh
[t} ‘Welifinid Locatlon
BARNES [ ] WTF Locatlon
5 SCHIND
]
Exhibit 4
L Lacatinnz of MODWaSD'S
Miojor Waoter System Compenents
EY LARCOD
mLIMSsR ALY |




ao- gor 15’
25" T T T
_TA__M-______, 250-800{2} _ [ Bh2-1.00062)
! o
- g
/ —
é { }’// 3wl 1.?‘:?;" ] e !;L@
a k, CONSERVATION AREA 34 ‘?ft & | iy 4 ‘ @@ hg?
l {If » -li E - _—-_ _\
3§ S T T it
! HJ' / %ons:nuncx AREA =| ';_ 3 el m::‘;w
IV ;7 o s L g %
i { ( / E| oA &
a < & L WRTTEpP e, -
45 =1 i - % ! > -
| 1 : o) aossmn| @
1 ' E La
! , 1,200-5,500{2) RES
| !
.
| | l: L it} 3500 %
N ! j '8
. = 1,%08(1]
I—‘ l / \l% —
I 1 C Ly 4
| 1 ) ""——m T = RIN1 v
' ' P N\
| | ( \ & & >
: } L E L ~ &
| | | -0 2064 r| § & _
¥ _ci | - |
a EVERGLADED . A= = ()
™ HATIONAL PARE [ lt HOMESTEA 00-200(2) ()
=]
§| 8 rLonioa orTY
=1 1 '“llf g
:l ot N
, i 610-820(27 / 7, ,;'-‘
| i ;e @ §
- -
K l | L~ ~
| [ - T
1 | s, =y
| e
. et ——— @ FH0-BIT%2) BUPPLY WELL OR WELL GROU - -
| Mumbe in circle refus to igbly 2.
| Mok e ot g ot | |
a8t s = L1 Number in parestsis ls number of vakies
i range. Glanh where fe speciiic
l ok phaky gnla avallapia.
0 E ’f' MILEZ
L l
11.1 1! 1In KILOMETERS

Figure 3 Lacation and range of specific-capacity data for supply wells in Dade County.
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Figure 7 — Figure identifying wells and petroleum sites near the :
Miami Drums site. i—:
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Figure 8 - Location of Florida East Coast Railway - Hialeah
Locomotive Service Area and Nearest Miami Spring Wells
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ATTACHMENT A

PHOTOGRAPHS



Hialeah Water Treatment Plant — View of 20 — 14 foot diameter air
stripper towers



Q JOMN E PREST%I:ANT
WATER TREATMENT

Miam ~DalnE waTER ANl SEWER

T
.

Top view of 44 - 14 foot diameter air stripper towers at the Preston
Water Treatment Plant



Preston Water Treatment Plant ~ Top of Air Stripper Tower
showing mist eliminator

Preston Water Treatment Plant — Photograph noting four sampling
stations for every quarter segment of an air stripper tower.



Miami Springs Pump Station No. 9 — View looking west. Pump
station nearest to Miami Drum Services Site. Former Miami
Drum Services Site is approximately %% mile in the background,

Miami Springs Pump Station No. 9 — Pump station nearest to
Miami Drum Services Site.
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ATTACHMENT B

VOC CONCENTRATION TREND IN
PRESTON & HIALEAH WELLS
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TOTAL vOC CONCENTRATION Hialeah Wells € through 10
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ATTACHMENT C

- MONTHLY AIR EMISSIONS



107, 07| TA  SOAM-DADETRL AT WAT. o

MEMORANDUM

TO:

Tom Segars, Superintendent

Water Produgtion Division

FROM: Richard M. O'Routke,

V2l

DATE:

SUBJECT:

June 7, 2002

Hialeah-Preston Water Treatment

Plant - Air Stripping Tower
Emissions - May 2002

Attached, please find a tabulation listing the Annual (12-month) Emissions in tons for the specific
poliutants limited under Air Operating Permit Number 0250281-005-AV for over two years.

Emission Limitation | 12-month Total Tons | Highest 12-month Total
Pollutant! (tons/12-months)’ Emitted> Tons Emitted’
1,1-Dichloroethans 1.00 0.000 0.000
Vinyl Chloride 1.00 0.065 0.104
1,2-Dichloroethylene 1.00 0.000 0.000
¥ Chloroform 40.00 15.145 15.145
¥ Dichlorobromomethans 10.00 4.264 4.626
““Chiorodibromomethang 3.00 1.113 1.157
Methylene Chloride 1.00 0.000 0.000
Trichloroethylene 1.00 0.000 0.000
Total VOCs (including THMs) 59.00 20.628 20.628
Notes:
| Table 1, Operating Permit Number 0250281-005-AV
? Assumes 21l pollutants detected are emitted.
? Value indicated does not have to equal total emitted during the reporting period.

The Air Stripping Towers continue to operate well below their emission limits.

Please call me at (786) 552-8123, if thete are any questions, or comments,

Attachment

1. Rodriguez (e-mail)
H. Codispoti (e-mail)
M. Johnson (e-mail)

E. Turner (e-mail)

R. Diaz (e-mail)

M. Andollo (e-mail}

B. Goldenberg (e-mail)
D. Edwards (e-mail)

£C.

M02032ts.doc



Air Stripping Tower Pollutant Emissions

12-Months - JTune 2001 to May 2002

Miami-Dade Water and Sewer Departinent
Hialeah & Preston Water Treatmant Plants

Faciliey L.Dv: 0250281
Permit Number; 0250281-005.AY

Poltuant '

Emission Limitstion

12-month Total Tons

Highest 1Z-month Total

(tons/12-months) ' Emitted Tons Ermnitted

1,1-Thchlorogthene 1.00 0.000 0.000
Vinyl Chlonde 1.00 0.065 0104
1,2-Dichloroethylene 1.00 0.000 5.000
Chiotoform 40.00 15.145 15,148
Dichlorobromomethane 10.00 4,264 44626
Chlaredibromomethane 3.00 1.113 1.157
Methylene Chloride .00 0.000 0.000
Trichloroethylene 1.00 0.0G0 0.000
THM'z 20.542 20.542

YO s {686 0.134

Total VOCs {including THMs) 59.00 20.628 20.628

Notes:

* Table 1, Operating Parmit Number 0250281 005-A Y
! Assumes all pallutants detected are emitted.

! Value indicated does not have o equal total emitted during the reporting period.
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ATTACHMENT D

2001 VOC AND TTHM DATA FROM
PRESTON AND HIALEAH WTP’S



08,2807 MON 09:08 FAX 3052733178 ALEX ORR LAB ooz
MEMORANDUM
i Tem Segarse, Chief DATE: February 21, 20{1
Water Production Division
_ SUBJECT: Results of VOC . TTHM
FROM: Martha Andollo Analyses from H: sleal,
Chemist 2 Fraston & Orr W 'L's
Crr Quality Laboratory (ESe720) January 2001

A AL _

HIALEAH WATER TREATMENT PLANT

piiberiell S 12—
TOWER INFLUENT FINI¢{
DATE SCVES E T J;;;“i
01-03-01 1.36 BDL
01-09-01 1.03 BDL
01-11-01 1.17 HDL
01-17-01 2.43 BDL
01-19-01 1.42 BDL
01-23-0% 1.62 EDL
01-25-01 0.86 BDL
01-26-01 -—-- —--
01-30-01 BDL BDL
AVERAGE 1.21 BDL
LOW EDL 3DL
HIGE _ 2.43
PRESTON WATER TREATNENT BLANT
_—— == - . - — I | ceslbier—"
RAW TOWER INFLU- FINISH
DATE ENT
vOC
VENT. 1
01-03-01 1.11
01-08-01 6.89
01-11-01 0.43
01-17-01 0.40
01-18-01 EDL
01-23-01 2.43
01-25-01 1.26
01-30-01 0.52
AVERAGE 0.88
LOW BDL
HIGH 2.43




08726702 MON 09:10 FAX 3052753178 ALEL ORR LAB

MEMORANDUM

3 Tom Segars, Chief DATR: March 22, 2001
Water Production Diviaion

SUBJECT: Regults of VOC . TTHM
FRCM: Martha Andolle hnalyses from Hialeah,
Chemist 2 Pregton & Orxr WI?s

ality Laboratory {(ES6720} Febrbpary 2001
ALV . A—*QJL| -

anlp—

-

HIALBAH WATER TREATMENT PLANT

I — . e b
TOWER INFLUENT FIKI: I
z e A £ ik S
PATE voe S voc i
02«01-01 1.53 0.B8B
0z-06-01 1.11 0.51
02-08~-01 1.41 J.85
02-13-01 1.48 l1.688
02-15-01 1.68 1.81
02-20-01 2.15 0.80
02-22-01 2.22 1.23
02-27-01 1.83 1.5%1
AVERAGE 1.68 1.18
LOW 1.11 Q.51
HIGK 2.22 1.591
PRESTON WATRER TREPLTHENT. PLANT
— N I F e — L .
RAW TOWER INFLU- FINISH

DATE _ENT

02-01-01
02-06-01
02-08-01
02-13-01
Dg-15-41
nz2-20-01
02-22-01
0z2-27-01




—0Q8/26/02 MON 0B:12 FAI 3062753178 ALEX ORR LAB ' RQoo4

MEMORANDUM

A Tom Begars, Chief DATE: April 20, 2001
Water Production Division

SEUBJECT: Results of VOO : TTHM
FROM: Marcha Andelle - Analveeg from Higlaak,
Chemisgt 2 Preston & QOrr WI?s

O@iﬁlﬁﬂm:atory {ES6720) March 2001
-~
= T '

HIALEAH WATER TREATMENT PLANT

-
INFLUENT FINI{H
A E b R R
it VC‘C ‘. L 2 .'-.L__.g:: _VCIC |
2.38 GEEERE  apr
0.77 [ERELIN BDL
a.%2 ETIRT BapL
0.54 i BDL
0.58 mghnburd  gpL
1.52 M fi BDL
-- - P apL
2.42 [TEDIME BDIL,
1.40 PEREEEENSY  pDL
AR '\g -
1 b 34 i3 :II"JI ‘. BDL
i .‘.‘::a, l:-_ “IL‘, |‘ -
0.58 [elEmisis] sDL
L1y 1, P QJ ‘- T ———
2.42 pedded?  spL
I ii!t a’é&"ﬁg'
= —— i




U8/28/02 MON 08:12 FAX 3062753176 ALEX ORR LAP Roos

.TO: Tom Segars, Chief DATE: March 22,2001
Water Production Divisien

Regults of VOO & TTHM hnalyoes
Page 2

PEESTON WATER TREATMENT PLANT

¥ .|
RAW TOWER INFLU- FINI3H
DATE ENT
ikl ERE i
voc_FESHEN  voc
: LR R
. VEWT. I Lk ;
i i b
03-01-01 EAN EDL  [ERipaEd 0.20 FEdy BDL
03-06-01 fiw BEDL [éftsRied BDL pREgEASs:  BDL
03-08-01 Erx BEDL [HIgsSd BDL gisiald BDL
03-13-01 EDL [imddmid BDL Skl BDL
03-15-01 L0 BDL | s BDL [Frag- BDL
03-20-01 i BDL PRy BDL |3a5gdd BDL |
03-22-01 By BDL {4 ] --~ [FEud BDL
03-27-0% EDL LGE 0.74 [RARER BDL
03-29-01 BEDL |eibsedikd - - AU A BDL
; iﬁ%” LA Im - —
BRI T __'1,;-‘ = E-H 1L S A
AVERAGE |3H EDL ﬂ;xt_ﬁ% BDL f[idadd EDL
1"# ¥ hacg b P e Al
itk _5,-‘, LR ! | i3
=5 B o X LIS -
1OW - [ EDL  j=@fydsss BDI |WGugs: BDL
: T Ehny P
HIGH el BDL [§i: vl 0.74 peSsaend  BDL
R s —




____0B/28/02 MON 09:14 FAT 3052753178 ALEX ORR LAB

R oo

MEMORANDUM
©:  Tom Segars, Chief DATE: May 14, 2001
Water Procduction Division
SUBJECT: Results of vOoC & TTHM
FROM: Martha Andello Analyses from H.aleal,
Chemist 2 Pragton & Orr WIee

orr, er Quality Laboratory {E56720) April 2001

HTALEAE WATER TREATMENT PLANT .

mmmm =
RAW TOWER INFLUENT FINT 31
DRTE - R Vo0 ) “voc
0a-04-01 BDL
04-06-01 BLL
04=-11-01 BOL
04-13-01 BDL
04-17-01 BRDL
N4~-19-01 BLL
Na=-24-01 BIL
04-26-01 BDL
AVERAGE BDL
LOW _BoL |
HIGH BDL
i S

L —rcr ol . ol
ERESTON WATER TREATMENT PLANT

L~ i d r
RAW TOWER INTLU- FILMIESH

DATE ENT ~

; W wvoc | voc fETHMY  voo THMY  voo
- venr, 1 | vemr. z

04-04-01 1.48 f.20 BDL
04-0e=01 1.19 BDL BDL
04-11-01 0.70 | TRACE BDL
D4-17-01 1.15 EDL BDL
p4-19-01 BDL BDL BDL
04-24-01 1.38 0.31 BOL
04-56-01 TRACE | BDL BDL
AVERGE 0.85 £.10 BDL
LOW BDL | BDL __BDL
HIGH 1.4E 0.31 EBDL

—— - —- =




08/26/02 MON 09:15 FAL 3052753178 ALEX ORR LaAD

MEMORANDUM

Qo7

b Tom Segars, Chief DATE: June 18, 2001
Water Produgtion Diwvision

SURJSECT:  Results of VOC & TTHM

FROM: Martha Andecllo Analyses from Hialeah,
Chemist 2 Prapton & Qrr WIEs
.Water Quality Laboratory (ES5€720) May 2001
cizzggi—’“‘_ﬂﬁl_““’jS_ﬂ "
/

HIALEAH WATER TREAIMENT PLANT

H i
TOWER INFLUENT
DATE : T

Voo o

0S-01-01 3DL
PE-03-01 3D
05-08-01 3DL
D5-10-01 aDhL
0s-15-Q1 DL
DE-17=01 30L
05-22-01 anL
05-24-01 BDL
05-30-01 BDL
AVERAGE BDL
LOW _BOL
HIGH BDL

LMY I T L




08/28/02 MON 00:15 FAX 50527531758 ALEX ORR LAB

To: 'Tom Segars, Chief DATE: JUNE 18,
Water Production Division

Resulca of VOC & TTHM Analyses
Page 2

PRESTON WATER TREATHENT PLANT

2001

T = ——— WL )
AW TOWER INFLU- FINI iH
DATE ' ENT
F voc | vor [¥TEMi] voc
VEAT. 1 VEWT. 2
c5-01-01 0.55 | Trace 0.58
05-03-01 Q.66 BDOL 0.29
05-08-01 0.82 BDL 0.20
05-10-01 0.B0O BDL Traca
—15-01 [ BDL BOL 0.43
g§_17_01 Trace | Trace 0.28
05-22~01 | 0.38 | BDL
05-24-01 | 1.0%3 | 0.44 RDL
1.00 0D.318 0.80
05-30-01
AVERLGE 0.58 BDL Q.27
LOW BDL BDL EDL
HIGH 1.08 0.44 0.80
ek i =

doos,



__._UB/26/02 NON 09:18 FAX 3062755174

ALEX ORR LAB

MEMORANDUM

doos

FROM:

Tom Segars, Chief

Water Production Division

Martha Andello
Chemist 2

OrE:EZZZ§'Quijizzﬁffﬁsfatory (B56720)

DATE: July 18,

SUBJECT: Regults of VOU & TITHM

Analyses from Hialeah,

Preston & Orr Wlag .

June 2001

ETALEAH WATER TREATMENT FLANT

Y N —
TOWER INFLUENT FINIS I
DATE o 2 7 i Voo
06~05-01 EDL
0&e-07-01L EDL
ge-12-01 EDL
DE-14-01 EDL
0e-13-01 HDL
06-21-01 EDL
05-26-01 DL
0E-28-01 DL
AVERAGE 1 Hu) 2
LOW BDL
HIGH BDL
h— ==_'J

il A i = TEESEENCTITE |
RAW TOWER INFLU- FINT.H
DATE ENT -
. Nele
YRNT

06~D5-01 0. EIDL

06-07-01 1. EDL

06-12-01 0. BDL

06-14-01 0. BOL

06-13-01 0. HDL

06-21=01 i- BBL

06-26-01 . Egg

06-28~01 )

AVERAGE BDL
DL
3DL

S = MY




D3/20/02 MON 09:17 PAX 3052755175 ALEX ORR LAB @oio

MEMORANDUM

2: Tom Segars, Chief DATE: August 24, 2001
Water Production Division

SUBJTECT: Results of VOO o TTHM

FROM: Martha Andello Analyseg from H.aleah,
Chemist 2 Fregton & Orr WI'Ps
Tyl Water Quality Laboratory (ES6720) July 2001
!

-

EIALEAH WATER TREATMENT PLANT

S il

RAW
DATE

VoC
07-03-01 1.22
97-05-01 0.88 i
07«10=01 2.85
0D7-12-41 2.44
07-17-01 2.87
g7-15-01 1.43
07-24-01 1,83
DFP-26-01 0.91
07-31-01 1.17

AVERACGE

0.88
2.87




08/28/02 MON 09:13 FAX 052753178 ALRX ORR LAB

TO: Tom Segars, Chief DATE: August 24, 201

Weater Production Division

Results of VOO & TTHM Analyees
Page 2

PREJTON WATEZR THEATMENT PLANT

RAW TOWER INFLU- FINIZH
DATE E
Voo VoC voC
VENT. 1 VIRY. Z
A7=-03-01 0.97 BCL 0.47
07-05-01 1.09 BDL 0.58
07-16-01 1.48 0.390 0.54
07-12-01 {: 1.25 BDL 0.76
n7-17-01 1.05 BDL 0.82
_e o 1.02 EDL BDL
07-13-01
07-24~01 .02 1L.60 BDL
67-26-01 Trace BDL 2oL
07-31-01 BDL 2.97 BOL
AVHERAGE | .88 0.54 0.32
LOW BLL BOL BDL
HIGH 1l.48 2.97% .75 |
i —— I i

Qo11



05/26/02 MON CB:19 FAX 3052753178 ALEX ORR LAB Qo1

MEMORANDUM

o Tom Segare, Chief DATE: Saptember 24, 2001

Hater Production Divielcn

EYEJECT: Resulte of VOO .. TTHM
FPROM: Martha Andollo Analvaes from H.aleah,
Chamiast 2 Preston & Orr Wlla
 Water Quality Laboratory {E56720) BAugust 2001
W Aooe — )

/HIALEAH WATER TREATMENT PLANT

- P
TOWER INFLUENT FINISH .
DATE voc |- eTmmi | voc | _voc
08-02-01 0.84 b 1.13 BDL
CB-16-01 . ¢.39 BOL
08-21-01 Q.22 0.24 0L |
08-23-01 Trace BDL BDL
08-28-01 1.86 1.04 .03
08-30-01 1.84 BDL BDL
AVERAGE BOL, 0.89 0.47 B.17
LOW "BDL Trace BDL
HIGH BDL 1.84 1.03
EUMORRI IR o ——
PRESTON WATER TREATMENT PLANT
= — I--T
RAW TOWER INFLU- FINI3H
DATE EN'T
Sivrem o | voe | woe | ToEmi] vec \
L whE Lf | wewr. L | vewr.z | I
L 'u“l‘.:ﬂ:' - IR
08=-02=01 | BOL. | ©.88 | 0.94 | %09 7] 0.84
DR-16-01 - BEL - 0.87 BDL | A p.22
08-21-01{ : ~EDL. .| 0.32 | BOL -
08-23-01 | % EBRL .| Trace | BDL - -
0g-28-01 |7 - el 1,30 Q.40 BDOL
08=-30-01 1.18 0.32 BOL
AVERAGE _ 0.72 | 0.28 8.27
LOW " ppr. | Trace | BDL BDL
HIGH DL 1.30 g.40 |¥s0 ] ©.84
P



. DB/28/02 MON 09:20 FAL 1052753178 ALE1 ORR LAB do1s
MEMORANDUM
Jt Tem Segara, Chief DATE: Outober 30, 2001
Water Preoduction Division
SUBJECT: Results of VOO & TTHM

FROM: Martha Andello
Chemi=zt 2

Ozi Water Quality Laboratory {E56720}

Analyses from lialeal,
Preston & Orr Vv1Ps
September 2001

HIALHEAH WATER TREATMENT PLANT

r_ﬂ--— "
FINI 3§ :]
i ! _wvoc
09=-04~-01 BLL
09-11-01 BDL
g9-13-01 BDL
09-18-01 EDL
0S-25-01 BDL
09-27-01 EDL
AVERAGE __BDL
LOW __BbL
Hiee  _ F : BDL |
PRESTON WATER TREATMENT FLANT i —
, _
RAW FINI3H
DATE -
vOC voc
VINT. 1
09-04-01 0.45 BDL
09-11-01 0.85 0.24
09-13-01 BDL BDL
09-15-01 0.68 EDL
09-25=01 1.33 BDL
p9-27~01 1.44 BDL
AVERAGE 0.81 BDL
LOW BDL BDL
HIGH 1.44 0.24

—-



Qo1

____DBrEA/D2 MON 0B:21 FAX 30BATHIL1TS ALEX DRR LAR
T MEMORANDUM
TO: Tomn Segars, Chief
wWater Productien Division
SURJECT
FROM; Martha Andello
Chemist 2
o er Quality Laboratory {E56720)

——

DATE: November 22,

2001

Results of VOO : TTHM
Analyses from H.aleah,
Pregton & Drr WIiks
October 2001

AUALRAE WATER TREATMENT FLANT
—— = e

i

DATE

VERT. 2

10-08-01
10-11-01
10-15-01
10=-23=-01
10-25-01

.28
BDL
EDL

0.34

1.31
Trace
¥ Tracs
1.31

AVERAGE

Low

TOWER INFLUENT
oy

'

— :==_ﬂ-
FIﬂIHH
VOoC

BDL
BDL
BDL
BDL
BOL




08/26/02 MON 0P:23 FAX 3082733178 ALEI QRR LAB BoLE

MEMORANDUM

fi =11 Tom Begars, Chief DATE: January 2,2002
Watar Producticn Division

SUBJRECT: Results of VoC @ TTHM

FROM: Martha Andelle Analyses from Hialeah,
Chemiat 2 Preston & Oxrr W?s
ater Quality Laboratory (ES58720) Hovember 2001

Al ~

/ EIALEAH WATER TREATMENT PLANT

NIy M T .
TOWER INFLUENT FINI:H
DATE = ]

Voo i Vo voc
11~06-01 2.10 1.62 BDL
1i-08-01 2.15 1.78 BDL
11-13-01 1.78 1.43 BDL
11-16-01 1.88 1.32 BDL
11-20-01 1.594 1.52 BDL
11-27-01 1.82 BEDL BDL

| AVERAGE 1.98 1.28 BDL
1OW 1.78 BDL BDL
HIGH 2.35 1.78 BDL
T
PRESTON WATER TREATMENT PLANT
+ o iR T
RAW TOWER FIN: sH
DATE ” INFLUENT
- i _ = _—
11-06-01 BDL
11~-08-01 BDL
11-13-01 BDL
11-16-01 BDL
11-20-01 BDL
11-27-01 BDL 5
RVERGE 2oL
LW BOL
HIGH BDL
¢




U5/26/02 MON 0B:24 FAX 2052753178

ALEX ORR LAB

MEMORANDUM

Bo1a

FROM:

Tam Segars,

Chief

Water Production Division

Marcha Andoells
Chemigt 2

qix Water Quality Lab

PATE: January 22,

SURJECT:

oratory [E56720)

Results of VOC & TTHEM
Analvses from Eialeah,

Preston & Orr WTEs
December 2001

. . REVISED
-\_A.ﬁﬁ-?—ﬁe'ﬁ_, - -
HTALEAH WATER TREATMENT PLANT
= —
RAW TOWER
DATE INFLUENT
voc [ otTEb ] voc
12-04-01 2.0 o BDL
12-06-01 2.05 1.27 BDL
12-27-01" BEDL BDL BDL
AVERAGE 1.35 EDL
LOW BDL BDL
HIGH 2.08 BI:L
PRESTON WATER TREATMENT PLANT
RAW TOWER IN- FINISH
CATE FLUENT
i voco | voo [rrim]| voc ioh
VENT. 1 VENT. 2 .
12-04-01 0.9B .21 BD
12-06-01 0.B5 BLL EBD .,
12-27-01" RDL EDL BD,
AVERAGE 0.62 BDL EDl, |
LOW BDL BDL BDL |
.98 p.31 [ BCL




ATTACHMENT E

2001 OPERATION RECORDS FOR HIALEAH,
PRESTON, MIAMI SPRINGS, AND
NORTHWEST WELLFIELD WELLS



WELL MLAMITWAE WA TER AHD SEWER DEFARTMENT

LOCATN DESIGN REFORTING MONTH JANUARY 2001
AHD RATED CALCULATED WELL PUIWPAGE BASED DN BOURS CF DFERATICN AND FLANT FLOW METERS
NUMEER CAPACITY 1 2 1 [ [] 11 ) R E 4 15 15 7] 13 19 21
51 43| 000N 0000 GO0 0000 Q000 € 0000 D000 & [ 0.@0 0000 000N 0.000] 0.006 0 1576 2TO0| 4875 5S4z 4fodq] 4924
m5 7 3.6] 0.000 0000 ooed] 0500) oo oooy oooo oood oono] o 0oo0| 000 OGO0 0.000) 0.000] 0. 1319 40100 4.081] 4.3 4087 4127 A
[CTE] 6] nooy oo oot 5000 o000 Dooe O 0000 G000 CoolN 0000 dooo] G000 4.180f 4357 aTad] zosa aovo] aom:] AF| 4oo7] 49T A
M54 36| 4.271) 472000 1559 0.000] 4007 0O Y 0.0004 4125 3.908) 284 J273| 4180| 4.357] 3748 3858) ao] 4.081] azn| 4097 41
WS § 36| ooon{ G400 1.55%) o000 0000 0000y DO0K o000 O 0000) 0.900 0000 0.000f 0.000} 0.000] G000 1.319] 4010) 40Bi] 42| 4007 4177 a
MEE 72| 84z ases 0000) D000 0000 0.000 200 5. 0.000] ©. cooo] oooe] oood ooon) 0.000] 00D 2630 Eoao] B153] @447 @ 1%4] AI5Y &
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ME 13 36| bomil poEk 7599 0000 4037 4214 4170] 41350 JB00] 4125 3808 3 ._Hm_ 4190 4357] a74a] 39580 :_w. o.oon] E800 0. 0.000 1,407 F4hd] 3 3. 715
M5 15 36| nooo| 0oo0] 250| 4217| 4037 4214 70 AraS[ 3900f 4325 59007 82| 4273 4.180[ 4.357] aTes| 1A56] 40 a0A1] 4721| a.oa7] a127] 2834 1.885] 0.000f o0.000] H000
M5 17 6| toon] ool el A417] 4037 424 4070 2035 3S00] 4178 w08 3824 0.000] D000 D.ODO 0.000( 0000 400 4081 #207] 0000 0000 GO 0000 0000 O 170
ME 13 36] 0oon] ooy 4158 4217] 4.037] 424] 417 4135 3 4435 3 382 4773} 4190 4357 3740 3 4md 4om| 4201 4oa7] A7 4.203] 18e5[ ooon nang @ ooD
ME 19 6] 4779 4500 4158] A217] 4037 4914 40 A5 9000 4195 3 3824 437 4380 4.357] 3349 AR 4089 433] A0A7] 41E7] a4 0000 OO0 0400 0.000
[ TF ) 36l 4z sy «sa] aZ1v| 4037 azi4] A7 a93s] Ao 4125 3 AGa4 4273 4190 4.357] 3749] z2E30] 2756 4. 0.528] BDOG 0000 0000 0.000 nﬂEk_ﬁo
M3 21 26 427 _n&-l__xl.um_ 4.217] 4037 4204 4170) 41435 3900] #125 5908] 3674 a3y 4180 4 a6s| agas| 3 oooe] 0.000] 900b] 0.o00] 0.0000 1.407] 3480f 3 ares] 3715
. 4150 A 4037 4314 41700 4135 000 4.125) 1608] den] 4700 4390 «4.3%57 3Ta9 2 0000 0.coo| a.000] poool oocol 1407 3deo[ dsos| 3 3715
AthS 4217] 4037 44| 4 A1E ooy 4125 5 324 4273 4180 4.357] Av4a[ 24 0000 0.000] 0.000] 0.000F 00000 1407 3400 3008 3785 3ns
0000 0.000| Dooof 0oon cooof oonol 5.053)11 458 10.654] 1067 11.868) 11.540( 12 102] 10214 pﬁ o454l 0o0al 0000 0oa0t 0000 04 D.OOD] 10 A5G 4300 0.000
ool 0.000] 0.000) 0.000 0000 amon] nooo] oooo] 271410, 7 BR5] 11.E40] 12 10g] +0.414 100 7.800] 0.000] 0000 0.000] 0.000 0000, 0.000| 10.650 4.362; 0.000
i1 0,00G]_5:60%] 11.706] 11.564) 1187 473% 0000 00000 0.000] 0.000; H.0D0] o o000 oo o Dopoo| 0000 3.588| S5¥2d| 0.000 000D 0.000f 614 6580
[i] D.0067 5807] 11.706] 11.5840 11.487] 4.735[ 0000{ 0,000 0.000 0.000) 0.000] G000 0000|0000 O ] QO00 DOl ooDD 00D GO0D! 0.000 8149 540
155 .71 5607 ome conof oo oond] 000 D000 0008 0.000] 0.000] ¢.ond ooop| Do pﬁ 0.000] 0000 0.000f Sva| 11 727] 9667| 1O 00000 D000
155175 560 0000 0.0000 0.000] 5083] 1. 10854 mies] 2a67] OO Cimd mala| ool O .00 000D 0000l 0007 oo A0z 0.0m 0oogl 516D
0000 00000 000 0.000 0.000 0000 Q000 u.% 0.oD0 0.0000 0. 0000, G| oooo] ooool ool 0000 0000 G000 no0y 0000 9662] 6334 0000 0000
51907 o 00001 0. 0.0m| 0000 0oon] 711139 0000 0006 O 0000 0000 9657] 0000 G000 5160
Doal O 0000y 0.0 C.O00( 0000 0.000f C.000 0000 00D O o000 0000 o 000 00000 0000

u:m 0,000
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ooegl 0000 C.oxM 0.000 0000 0,000 0006 0000 oood] ooos oooo oooo] coool ooool coool ouoogl ooool oo
I G0N 0.000] 0000 3.834] 0000| +1.337] 11.725/11.300) 57a7| 0000 C.000| 0.000 G000 5150
oot nooo] o000 oom ooool nooof 0000 oooo] aom| o] oood noon| nmoo] oooo fos0] oom| 0060 aooo
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000l oy 000 00001 DoKMN 0000 0.0 000 o0 00 000l oot ooy 0.000 0000 GOom Oo0o
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ATTACHMENT F

DOCUMENTS REVIEWED



Phase | -- Evaluation of the Clean-up Activities Afready Undertaken at the Miami
Drum Services Hazardous Waste Site, Dade County, Florida, CHZM Hill, 1982.

Superfund Record of Decision: Biscayne, Aguifer Sitas, FI (EPA ROD R0O4-85-004)

Phase || — Sampling, Anaiytical, and Investigative Program for the Protection of the
Biscayne Aquifer and Environment in North Dade County, Florida, CH2ZM Hill, 1924,

Remedial Investigation for Miami Drum Services Site, Florida, Florida Department of
Environmental Regulation, November 1983,

Geophysical and Hydrogeological Investigation of the Miami Drum Site, Technos,
Inc. February, 1683.

Record of Decigsion for the Miami Drum Services Site, Dade County, Florida,
September 13, 1982,

Field investigations of Uncontroiled Hazardous Waste Sites, FIT Project, Ecology
and Envirenment, Inc. December, 1881,

Phase lil — Feasibility of Remediat Actions for the Protection of the Biscayne Aquifer
in Dacdte County, Florida, CHZM Hill, May, 1985,

Draft Water Facility Mastar Plan, CH2M Hill, March 2000.



ATTACHMENT G

OVERVIEW OF THE TECHNICAL
PROTOCOL FOR NATURAL ATTENUATION
- OF CHLORINATED ALIPHATIC
HYDROCARBONS IN GROUNDWATER
UNDER DEVELOPMENT FOR THE U.S. AIR
FORCE CENTER FOR ENVIRONMENTAL
EXCELLANCE



Overview of the Technical Protoco! for Natural Attenuation of Chlorinated
Aliphatic Hydrocarbons in Ground Water Undsr Development for the
U.8. Air Force G_enter for Environmental Excellence

Tadd H. Wiedemeier, Matthew A. Swanson, and David E. Moutoux
Parsons Engineering Sclencs, Inc., Denver, Colorado

. John T. Wilson and Donald H. Kampbell
U.S. Enviranmantal Protection Agency, National Risk Management Research Laboratory,
Adu, Oklahoma

Jerry E. Hansen and Patrick Haas
U.S, Alr Force Center for Environmental Excellence, Technology Transter Division,
Srooks Air Force Base, Texas

Intreduction
r the pas! several years, natural attenuation has

Jme increasingly sccepted as a remedial alternative

for organic compeunds disselved in ground water. The
L.S. Environmental Protection Agency's (EFA) Office of
Fesearch and Developmant and Offica of Solid Waste and
Emergency Resporse define natural attenuation as:

The biodegradation, dispersion, dilution, scmption,
volatilization, and/or chemical and biocharmical sta-

bilization of contaminants to effectively reduce con-

taminant toxicity, mobility, or volume to levels that
are protactive of hurman health and tha ecosystam.

Inpractice, natural attenuation has several other names,
such as intrinsic remediation, intrinsic bioremediation, or
passive bloremediation. The goal of any site charac-
terization effort is to undarstand ths fate and transport
of the contaminants of concem over time in order ta
assass any currant or potential threat to human health
ortha snvironment. Natural aftenuation processes, such
as biodagradation, can often ba dominant factors in the
fate and transport of contaminanis. Thus, consideration
angd quantification of natura! attenuation is essential to
more thoroughly understand contamdnant fata and
transpon.

paper presents a technical profocol for data eollae-

nd enalysis in support of remediation by natural
.s1uation to restors ground water contaminated with
chlorinated aliphatic hydrocarbons and ground water

a5

contaminated with mixtures ol fuals and chlofrated ali-
phatic hydrocarbons. In soms cases, the information
collacted using this protecol will show that natural at-
tenuation procasses, with or without sourse removal, will
raduce the concentrations of these contaminants to be-
low risk-based correctlve acton criteria or reguiatory
standards before potential receptor exposure pathways
are completad. Tha evaluation should inciude consid-
eration of existing exposure pathways as well as expo-
surg pathways arising from potential future use of the
ground watern

This protocol is intended to be used within the estab-
lished ragulatory framework. It s no! the Intent of this
document to replace axisting EPA or state-specific guld-
ance on conducting ramadial Investigations,

Overview of the Technical Protocol

MNatura! attenuation in ground-watar systams resulis
from the Integration of seversl subsurface attenuation
mechanisms that are classified as either destructive or
nondastructive. Biodegradation s the most important
destructive attenuation mechanism. Nondestructive at-
tenuation mechanisms include sorption, dispersien, di-
luetion from rechargs, and volatlization. The natural
attenuation of fuel hycrocarbons is deacribed in the
Technical Protocol for Implemanting Intrinsic Remedia-
tion With Long-Tarm Monitoring for Netural Attenuation
of Fuel Contamination Dissolved in Groundawater, recently
published by the L).S. Air Forca Center for Environmanta!
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Exsellence (AFCEE) (1). This document differs from tha
vechnical protocol for intrinsic remediation of fue! hydro-
carbons because thes individual procssses of chlorinated
aliphatic hydrocarbon biodegradetion are fundarmentally
diferent from the processes involved in the biodegrada-
tion of fuel hydrocarbons.

Far example, bicdegradation of fuel hydrocarbons, es-
pecially benzens, toluene, ethylbenzene, and xvienes
(BTEX), is mainiy limited by electron acceptor availabil-
Ity, and biodegradation of these compounds generally
will proceed untll all of the contaminants are destroyed,
In the experience of the authors, there appears 1o be an
inexhausttble supply of alectron acceptars in most, If not
all. hydrogeclogic environmerts. On the other hand, the
mers highly chlorinated solvents {e.g., parchicroathena
and trichloroathene) typically are biodegraded under
natural conditians via reductiva dechiorination, a proc-
ess that requires both electron acceptors (the chiorin-
ated aliphatic hydrocarbons) and an adequate supply of
&lactron donors. Electron donors Includs fuel hydrocar-
bons or other types of anthropogenic carbon (e.g., land-
Hll lsachate, BTEX, or natural organic carbon). Iif the
. subsurface environment is depietad of electron doncrs
bejore the chiorinated aliphatis hydrocarbons are re-
moved, reduciive dechlorination will cease, and natural
attenuation may no longer be protective of human health
and the environmant. This is tha most significant differ-
ence betwsan the processes of fue! hydrocarbon and
chlorinated afiphatic hydrocerbon biodegradation.

For this reason, it is more difficult to predict the long-term
behavior of chlorinated aliphatic hydrocerbon plumes
than fue! hydrocarbon plumes. Thus, it is imporant to
have a thorough understanding of the operant natural
attenuation mechanisms. In addition to having a better
understanding of tha processes of advection, dispar-
sion, dilutian from recharge, and somtion, itis necassary
to better quantity bicdegradation. This requires & thor-
ough understanding of the interactions between chiorin-
ated aliphatic hydrocarbons, anthropogenic/natural
carbon, and inorganic slectron acceptors at the site.
Detailed site characterization is required to adaquately
undarstand these processes.

Chictinated solvents ara relazsed into the subsurface
under twe possible scenarios: 1) as relatively pure sal-
vent mixtures that ars mora dense than water, or 2) as
mixtures of fusl hydrocarbcns and chiorinated aliphatic
hydrocarbons which, depending on the relative propor-
ticn of each, may be more or less dense than watar,
These products commonly ars referred to as
“nonequects-phase liguids,” or NAPLs, If the NAPL is
mere densa than water, the material is refarmed to as &
“dense nonagquecus-phase liquid," or DNAPL. K the
NAPL is less dense than water, the material is refarred
io as a "light nonagueous-phase Iiquid,” or LNAPL. In
general, tha greatast mass of contaminant Is associated

——

with thesa NAPL source areas, not whh
phase.

fhea aguaopug

As ground water moves through or past the Nap|,
source areas, soluble constituents partition into the
moving ground water to generate a plumg of dissolvay
contamination. After further releases have bogp
stopped, these NAPL source areas tend to slowly
weather away es the soluble components, such gg
BTEX or trichloroethans, are depleted. In cases whare
source removal of reduction is feasible, it is desirable to

- remove product and dacrease the time requirad for com;.
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plete remediation of the site. At many sitag, howevar,
mobile NAPL rarnoval is not feasible with available tech-
nology. In fazt, the quantity of NAPL recoverad by com.
monly used recovery techniques is a trivial fraction of
the total NAPL available 1o contaminate ground water,
Moblle NAPL racovery typically racovers less than 10
percent of tha total NAPL mass in a spill,

Compared with conventional engineered remediation
technoloples, natural attenuation has the following
advantagas;

* During natural attenuation, contaminants ars ultimately
transformed to innocuous byproducts (e.g., carbon di-
oxide, ethene, and water), not just transfamsd to an-
cther phase or location in tha environment,

Natsral atienvation is nonintrusive and allows con-
tinuing use of infrastructure durting remsdaticn.

Enpinsered remedial technologies can pose greater
risk to potential receptors than natural attenuation
because contaminanis may be transferred into the
atmesphere during rernediation activities.

Natural atteruation is lass costfy than currently avail-
abla remedial technologias, such 2s pump-and-treat.

Natural attenuation is not subject to the limitations of
mechanizad remediation aquipment (e.g.. no equip-
mant downtime).

Those compounds that are the most mabile and toxic
are generally the most susceptible to biodegradation.

Natural attenuation hes the lollowing limitations;

» Natural attenuation is subject to natural and anthro-
pogenic changas in local hydrageslogic conditions,
including changes in ground-water gredients and va-
locity, pH, electron acceptor concentrations, elsctron
donor concentrations, and/or potantial future con-
taminant releases. .

* Aquiler hetercgensity may complicate site charac-
tarization and quantification of natura! attenuation.

« Time trames for complets remediation may be rala-
tively long.



|

* Intermaciate products of biodegradation (e.g., vinyl
<hiorida) can be more toxic than the criginal contaminant,

This document describes those processes that bring
about natural attenuation, the site charactarization ac-
tivities. that may be parformed to support a feasibility
study to Include &n evaluation of natural altenuation,
nature! attenuation modeling using analytical or numeti-
¢al solute {ate-and-ransport modals, and the post-
madeling activities fhat shouki be completed to ansure
suctessful suppont and verification of natural atteru-
ation, The objective of the work describad herein is to
quantify and provida defensible data in support of natu-
ral ettenuation at sites where naturally oocurring subsur-
face altenuation processes are capeble of reducing
dissolved chiorinated aliphatic hydrocarbon and/or fusl
hydrocarbon concentrations 1o acceptable lavels, A
comment made by a membar of the regulatory commu-
nity {2) summarizas what is requirad to successfully
implsment ratiral attenuation:

A reguiator looks for the data necessary 1o deter-
mine that a proposed treatrment technology, f prop-
erly installed and operated, will reduce the
contaminant concantrations in the soll and water to
lsgalty mandated limits. in this sanse the use of
biologicel trentment sysiems calls forthe same level
of investigation, demonstration of effectiveness, and
monitofing &s any convertional [remediation] system.

To suppon remediation by natural attemuation, the pro-
cnant must scientificatly demaonetrats that degradation
of site contaminants is ocourring st rates sufficient to be
protactive of human health and tha environment. Thras
linas of gvidenca can be used to support natural attenu-
ation of chiofnated aliphatic hydrocarbons, inclrding:

* Obsarved reduction in contaminant concantrations
glong the flow path downgradient from the sourca of
contamination.

» Documented loss of contarninant mass at the fleid

scale using: ,

— Chemical and gecchemical analytical data (e.g.,
decreasing parent compound coRcentrations, in-
creasing daughter compound cencentrations, de-
plstion of electron acceptors and donors, and
increasing metaholic byproduct concentratons).

= A consarvative tracar and a rigorous sstimate of
residencs time along the flow path to document
contaminant mass reduction and to cakculate bio-
kgical decay rates at tha field scale.

* Microbiological laboratory data that suppott the oc-
currence of blodegradation and glve rates of biode-
gredation.

** & minimum, the Investigator must obtain the first two
¥ of evidence or the first and third lines of evidence.
1 N& second and third lines of mvidenca are crucial to the

a7

natural attenuation demenstration because they provige
biodegradation rate constants. These rate constants are
used in conjunction with the other fate-and-trensport
paramaters to predict contaminant concentrations and
1o assess risk &t downgradisnt points of compliance.

The firgt line of evidences is simply an observed raduction
in the concantration of released contaminants down-
gradient from the NAPL source area along the ground.-
water flow path, This fina of evidence does not prove
that cantaminants are being destroyed because the re-
duction in contaminant concentration could ba the resuit
of advection, dlepersion, dilutien from recharge, sorp-
tion, and volatilization with ne loss of contaminant mass
(f.a., the majority of apparsnt contaminant loss could be
due to dilution). Convarssly, an increase in the concen-
trations of some contaminants, most notably degrads-
tion products such as vinyl chloride, could ba Indicative
of natural attenuation,

To support remadiation by natural attenuation at moet
sitas, the Investigator will have to show that contaminent
mass is being deatroyed via bicdegradation. This is
done using sithar or both of the second or third lnes of
evidence. The second line of evidenca ralies on chemi-
cal and physical data to show that contaminant mazs is
being destroyed vir biodegradation, not just diluted, The
second line of evidenca Is divided into two componants:

* Using chemical analytical data In mass balance cal-
culaticns to show that decreases in contaminant and
electron accepter and donor concentrations can be
directly correlated to increases in metabolic and
products and daughter compeunds. This evidence
can be used 1o show that elactron acceptor and do-
ngr concentrations in ground watar are sufficient to
facilitate degradation of dissolved contaminants. Sok
ute fate-and-transport models can be used to aid
masgs balance calculations and to callate information
on degradation. : :

» Using measured concentrations of contaminants
and/or bivlogically racaleitrant tracers in cohjunction
with aquifer hydrogeclogic paramsters, such as
sespage velocity and dilution, to show that & radus-
tion in contaminant mass ks occurring at tha site and

* o calculate biodegradation rate constants.

The third Bne of evidencs, microblological laboratory
data, cah be usad io provide additional evidence that
Indigenous biota are capable of degrading site contami-
nants at a paricular rate. Because it is necessary to
show that blodegradatipn is occuming and 1o obtain
biodegradation rate constants, the most useful type of
microbiological laboratory data is the microcosm study.

This paper presents & technical course of action that
allows converging fines of evidence to ba used 1o scien-
tifically document the cccurrence and quantity the rates
of natural attenuation. Idaally, the first two lines of evidence



_'should be used in the natural altenuation demonstration.
Te furiher document natural attenuation, or at sites with
complax hydrogeolagy, obtalning a fisld-scale biodegra-
dation rate may not ba possibh; in this case, microbi-
clogical laboratory data can be used, Such a
“weight-of-avidence" approach will greatly Increass the
likalhood of successfully implementing natural attenu-
ation at sites where natural processes are restoring the
envircnmental quallty of ground water,

Collaction of an adequate databasa during the tterative
sita characterization process i an important step in the
documentation of natural attenuation. Sie charic-
terization should provide daia on the lecafion, nature,
and extent of contaminant seurces. Contaminart sour-
cag generally consist of hydrocarbone prasent as mobile
MNAPL {i.e., NAPL cccurring at sufficiently high satura-
tions to drain under the influanca of gravity inte a well}
and residual NAPL (i.e., NAPL cccurring et immobile,
rasidual saturation that (s unabie to drain inte & well by
gravityl. Siie characterization also should provide infor-
mation on the. location, extant, and concentrations of
dissoived contamination; ground-water geochamical
. dats; geclogic information on the typa and distributien
of subsurface rmaterials; and hydrogaologic parameters
such as hydraulic conductivity, hydraulic gradients, and
potential contaminant migration pathways to human or
ecological racaptor axpasure points,

Tha data collected during site charactanzation can ba
uvsed 1 simuiate the fate and transport of contaminants
in the subsurface, Such simulation allows pradiction of
tha future extent and concentrations of the dissoived
contaminant plume. Several models can be used to
simulate dissolved contaminant transport and attenu-
ation. The natural atteruation madeling affort has thres
primary objectives: 1} to predict the future extent and
concentration of a dissclved contaminant plume by
simuiating the combined effects of advection, disper-
sion, sorption, and biodegradation; 2) 1o assess the po-
tential for downgradiant receptors to ba axpossd lo
contaminant concentrations that excead megulatory or
risk-based levals imanded to be protectiva of human
health and the environment: and 3) to pravide technical
suppert for the natural attenuation remedial option at
postrnodeling mgulatery negotiations to help design a
more accurate verification and monitoring strategy and
to help identity early source removal stralegies, -

Upon campletian of the fate-and-transport modaling ef-
font, model predictions can be used in an exposure
pathways analysis. If natural attenuation is sufficient to
mitigate risks to potantial receptors, the proponent of
natural attenuation has a reasonable basis far nagotiat-
ing this aption with regulators. The axposurs pathways
analysis allows the propeonent to show that potential
exposure pathways 1o receplors will not be completed.
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The mataral prasentad herein was prepared through
the joint eflort of the AFCEE Tachhology Transler Divi-
sion; the Bioremediation Research Team at EFA's Na-
tional Risk Management Rasearch Laboratory in Ada,
Qklahoma (NRMRL), Subsurface Protection and Reme-
dlation Division; and Parsans Engineering Science, Inc.
{Parsons ES}. This compilation is designed to facilitate
implementation of natural attsnuation at chlerinated ali-
phatic hydrecarbon-contaminatad sites owned by the
U.S. Air Force and other 1),5. Department of Defense
agencias, the U.S. Department of Energy, and public
interasts.

Overview of Chlorinated Aliphatic
Hydrocarbon Biodegradation

Bacause biodegradation is the most important process
acting to remova contaminants from ground water, an
accurate astimate of the potential for natural bicdegra-
dation '8 important to cbtain when detarmining whethar
ground-water contamination presenis a substantial
threat to human health and the anvironmant, This infor-
mation also will be useful when selecting the ramedial
altemative that will be most cost-effective in aliminating
of abating thsss threatz szhould natural atteriuation
alona not prove to be sufficient.

Over the pest two decades, numerous laboratory and
fielgd studies have damansiratad that subsurface micro-
organisms can degrade a variety of hydrocarbons and
chlorinated solvents {3-23), Whereas fuel hydrocarbons
ars hicdegraded through use as & primary substrate
{electron donor), chicrinated aliphatic hydrocarbons
may undergo bicdegradation through three differsnt
pathways: through usa as an slectron acceplior, through
use as an electron donar, or through co-matabolism,
whare degradation of the chicrinated organic is fortui-
tous and thera is no banefit 1o the microorganism. At a
given site, one or all of thaee crocassss may ba operat-
ing, although at many sites the use of ¢hlorinated ah-
phatic hydrocarbons as eleciron accapiors appsars to
be most importart under naturat conditions. {n general,
but in this case espesially, biodegradation of chicninated
aliphatic hydrocarbons will be an slectron-donor-imited
procass. Convarsaly, biodegradation of fue! hydrocar-
bons is an electron-acceptor-limited procass.

In 8 pristine aquifer, native organic carbon is usad as an
electron donor, and dissclved oxygen {DO) is used first
as the prime electron acceptor. Where anthropogenic
carbon (e.g., fuel hydrocarbon) is present, it also will be
used as an electron dbnor, After the DO is consumead,
anaerablc misrocrganisms typically use additional alac-
tron meceptors {as availabla) in the foilowing order of
preference: nitrate, feric iton oxyhydroxide, sullate, and
finally cason dioxide, Evaluation of the distributicn of
these electron acceptors can provide evidence of whare
and how chlorinated aliphatic hydrocarbon biodegradation



is cocuring. In addition, bacause chlorinated aliphatic
hydrocarbons may ba used as electron moceplors or
etectron donoers {in compatition with othar accapiors or
donors}, isopleth maps showing the distrdbution of these
compounds can provide evidence of the mechanisms of
biodagradation working &t 2 site. As with BTEX, the driving
force behind oxidation-reduction reactions resulting in
chiorinated aliphatic hydrocarbon degradation is alac-
tron trarster. Although themmodynamically favorable,
most of the reactlons involved in chlorinated aliphatic
hydrocarbon reduction and oxidation do not procesd
abiotically. Microorganisms are capabla of carrying out
the reactions, but they will tacilitate only those oxidation-
reduction reactions that have a net yiald of anangy.

Mechanisms of Chlorinated Aliphatic
Hydrocarbon Blodegradatlon‘

Elsctron Acceptor Reactions (Reductive
Dechlorination) .

The rmost important process for the natural biedegrada-

" fion of the mors highly chierinated eolvents is reductive
dechlorination, During this process, the chlorinated hy-
drocarbon i ussd as an slectron accaptor, not &8 a
source of carbon, and & chlorine atom is removed end
replaced with a hydrogen atom. In general, reductive
dachlorination cecurs by eequantial dechiorination from
parchioroathena to trichloroethene to dichlorcathana to
viryl chioride to ethana. Depending on emvironmeantal
eonditions, this seuence may ba interrupted, with cther
processas than acting on the products. Puring reductive
dechlorination, all three isomers of dichloroethena can
theoratically be produced; howaver, Bouwer (24) reports
that under the influsnce of bicdegradation, cig-1,2-d-
¢hioroathena 18 a mora common ntermediate than
irans-1,2-dichlorsethene, and that 1,1-dichioroathens is
the lsast prevalent intermediate of the three dichle-
resthene isomers. Reductive dechlorination of chigrin-
ated polvant compounds is associated with all
accumulation of daughter products and an increase in
the conzertration of chicrida jons.

Reductive dechlorination atiacts each of the chlorinated
ethenes differently. Of these compounds, perchio-
roethans is the most suscaptibla to reductive dechior-
nation because It is the most oxidized. Conversaly, vinyl
- chloride is the least susceptible to reductive dechlorina-
tion because it is the least oxidized of these compounds,
The rate of reductive dechlorination also hae been ob-

servad to decrease as the degree of chiorinatlon ce- -

creases {24, 25). Murray and Richardson (26) have
postulated that this rate decrease may explain the ac-
wumulation of viny! chloride in perchiorosthens and
vichloroethene plumes that are undergoing reductive
dechlorination.

Reductive dechlorination has baan demonstrated under
hitrate- and sulfate-radusing condilions, but the most
rapid bicdegracdation rates, alfecting the widsst range of
chlorinated aliphatic hydrazarbons, occur under methans.
genic conditions (24). Because chivrinated aliphatic hy-
drocarbon compounds ara used as slectron acceptors
during reductiva dechiorination, thers must be an appre-
priate source of carbon in arder for microbial growth to
oocur (24). Potential carbon sourcas include natural
organic matter, fusl hydrocarbons, or othar organiz com-
pounds such as those found in landfill lnachate,

Electron Donor Reaclions

Murray and Richardson {26) wiile that microprganiams
are generally believed to be incapable of growth using
trichlorcathens and parchioroethene as a primary sub-
strata (i.e., electron donor), Under aerobie and some
anaerobic conditions, the wss-exidized chlorinated all-

‘phatic hydrocarbons (e.g., vinyl chioride) can ba vsed as

the primary subatrate in biokwgically mediated radox ra-
actions {(22]. In this typa of reaction, the faciiitating micro-
arganism obtains enargy and crganic carbon from the
degraded chlarinated alichatic hydrocarbon. This Is the
procass by which fuel hydrecarbons are biodegraded.

In contraat to reactans In which the chiorinated aliphatlc
hydmcarbon is used as an elactron accepior, enly the
least oxidized chicrinated aliphatic hydrocarbons can be
used ay electron donors in biclogically mediated redox
reactions. McCarnty and Sarnprini {22) destribe investi-
gations in which vinyl chloride and 1,2-dichlerosthane
wars shown 1o Sarve as primary substrataz under asro-
bic conditions. These authors also document that dichlo-
romathane has the potential to function as a primary
subsirate under either asrobic or anasrcbic environ-
ments. In addition, Bradley and Chapells (27) show
avidence of minarallzation of vinyl chicride under Iron-
raducing conditions so long as there s suflicient
bioavaitable iron{hl). Asrobic matzbolism of vinyl chlo-
ride may be characterized by a loss of vinyl chloride
mass and a decreasing melar ratwe of vinyl chioride to
othar chiorinated afiphatic hydrecarbon compounds.

Co-metabolism

When a chiorinated aliphatic hydrocarbon is biode-
graded via co-metabolism, the degradation is catatyzed
by an enzyme or cofactor that is fortuliously producad
by tha organisms for othar purposas. Tha organism
recaivas no known bensfit from the degradation of the
chiornatad aliphatic hydrocarbon; in fact, the eo-metabalic
degradation of the chicrinaled afiphatic hydrocarbon .
may ba harmful to tha microorganism regponsible for the
production of the enzyma or colactor (22).

Co-metabelism s bast documented in asrobic anviron-
mants, although |t could occur undar anaergbic condi-
tlons. it has been reportad that under aercbic conditions



chiorinaied ethenes, with the exception of perchio-
roathens, are susceptibie 1o co-metabelic degradation
{22, 23, 26), Vogel {23) further elaborates that the co-
matabolism rate incraases as the degree of dechlorina-
tion decreases. During co-metabolism, trichloroethene
is indirecty transformed by bacteria as they use BTEX
or another substrate to meet their ensrgy requirements.
Therafora, trichloroathena does not enhanca the degra-
dmtion af ETEX or other carbon sources, nor will its co-me-
tabolism imterfore with the use of electron acceptors
involved in the oxidation of those carbon sources.

Behavior of Chicrinatad Solvent Plumeas

Chlorinated solven plumes can exhibit thres typas of
behavior deperdiing on the amount of sclvent, the
smount of biclogically avallable organic carbon in the
aquiter, the distribution and concentration of natural
alpctron acceplors, and the typas of electron acceptors
being used. Incividual plumes may axhlbit all thres types
of behavior in differant portions of the plume. The ditfar-
ant types of pluma behavior ame gummarized balow.

Type 1 BEehavior

Type 1 bahavior pgeurs whaere the primary subatrate ia
anthropegenic carbon {8.g., ETEX or landflll lsachats),
and this enthropogenic carbon drives reducstive dechlon-
nation. When evaluafing natural attenuation of & plume
exhibiting Type 1, bahavier the following quastions muat
be anzwsarad:

1. Iz the electron donor supply adequate o allow
microbial reduction of the chlornated organic
compounds? In other words, will tha microorganisms
*strangle” before they “starve"=-~will they tun out of
chicrnated wliphatic hydrocarbons  (slectron
acceptors) bafore they run out of alactron donars?

. What is the role of competing elactron accaptors
{a.g., BO, nitrata, iron(ll}), and sulfate)?

3. s vinyl chloride oxidized, or is it reduced?

Type 1 behavior results In the rapid and extansiva deg-
radation of the highly chlorinated solvents such as per-
chiorcethena, trichloroathena, and dichloroathens.

Type 2 Behavior

Type 2 behavior dominates in areas that are charac-
terized by relatively high esncantrations of blologically
available native organic earbon. This natural carben
source drives reductive dechiorination {i.e., is the pr-
mary substrate lor microorganism grewth). Whan evalu-
ating natural attenuation of a Type 2 chlorinated solvant
plume, the same queastions as those posed for Type 1
behavior must be answered. Type 2 behavior ganarally
results in slower biodegradation of tha highly chlorin-
ated solvants than Type 1 behavier, but under the right

conditions (a.g., areas with high natura! organic carbon
contants) this type of behavior also can result In rapid
depradation of thass compounde.

Type 3 Behavior

Typa 3 behavior dominates In areas that are charac-
terized by low concentrations of natve and/or anthropo-
genic carbon &nd by DO concentrations. greater than
1.0 miliigrams per liter. Undar these aerobic conditions,
reduciive dechlorination will not occur; thue, thare Is no
ramoval of perchloreathensa, trichloroethena, and dichlo-
roathens, The most significant natural eftenuation
mechanisms for these compounds is advection, disper-
sion, and sorption. Howevatr, vinyl chloride can be rap-
idly oxidized under thasa conditions.

Mixed Behavior

A singla chlorinated solvent plume can exhibit all three
types of bahavior in different portions of the pluma. This
can be beneflzial for matura! biodegradation of ehlor-
nated aliphatic hydrocarbon plumes. For axampls,
Wisdemeier et al. (28) describe & plume at Platisbungh
Ait Force Base, New York, that exhibits Type 1 behavior
in the source area and Typa 3 behavior downgradhant

- from tha source. Tha most forultous scenano involves
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a plume in which parchlorosthene, trichloroethene, and
dichlorcethane ars reductively dechiorinated (Type 1 or
2 behavicr), then vinyl chlorde ie oxidized (Type 3 be-
haviot] aither aerobically or via iren raduction. Vinyl
chioride is oxidized to carbon dioxide in this type of
plume and does not accumulate. The foliowing se-
quence of reactions ocours in a plume that exhibits this
type of mixed behavior:

Perchliorgethena — Trichloroethane —
Dichloroathene — Vinyl chioride — Carbon dioxida

The trichlarosthene, dichioroethens, and vinyt chloride
may aftenusta at approximately ths same rate, and thus
thaea reactions may be confused with simple dilution.
Note that no athans is produced during this reaction.
Vinyl chigride is removed from the system much faster
undar these conditions than it is under vinyl chloride-re-
ducing conditions.

A less desirabla scenaric—but one in which all contami-
nants may be entirely blodegraded— involves & plume
in which all chlorinatsd aliphatic hydrocarbons are re-
ductively dechiorinated via Type 1 or Type 2 behavior.
Vinyl chioride is reduced to ethene, which may be furthar
raduced to athane or mathane. The following sequence
of reactions occurs in this type of pluma:

Parchloroathens — Trichioroathens —
Dichloroetheng — Vinyl chicride — Ethene — Ethane
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“This sequence has been investigated by Freadman and
Gossett {13). In this typa of plume, vinyl chioride de-
grades more siowly than trichicrosthens and thus \ends

to accumulata,

Protocol for Quantifying Natural
Attenuation During the Remedial
Investigation Process

The primary cbjective of the natural atienuation investl-
gation Is to show that natural processes of contaminant
dogradation will reduce contaminant concanirations In
ground water to below risk-based comactive action or regu-
latory lavals befone potential receptor exposure pathways
ara compieted. This requires a projaction of the potential
extant and concentration of the cortaminant plumae in time
and space. The projection should ba based on historic
variations in, and the currant extent and concentrations
of, the contaminant piurme, as wel: as the measured
ratas of contaminant attenuation, Bscause of the inher-
ert uncertalnty associated with such predictions, the
investigator must provide sufficient evidenca to dermon-
strata that the mechanisms of natural atienuation will

" rsdyce contaminant concentrations to acceptabla leveis

before potential raceptors ara reached. This requires the
use of conzervative solute fate-and-transport modsl in-
put parameters and numerous sansitivity analyses so
that consideration is given to afl plausible contaminant
migration scenarios. Whan possibie, both historical data
and modaling should bs used to provide information that
collactively and conzistently supports the natural reduc-
tion and removal of the dissolved contaminant plume.

Figura 1 outhines the steps involved in the natural at-
tenuation demonstration, This figura alen shows the
imporiant regulatory decision points in the process of
implamanting natural attenuation. Pradicting the fate of
a contaminant plume raquires the quantification of &ol-
uts transport and transiormation processas. Quantifica-
tion ¢f comaminant migration and attenuation rates and
succeasful implemantation of the natural attenuation re-
medial cption raquires completion of the following steps:

1. Raview available site data, and davelop a preliminary
conceptual model,

2. Screen the site, and assess the potential for natural
attenuation.

3. Collect additional slte charactarization data to suppon
natural attenuation, as required.

calculations, and document indicators of natural
attenuation. '

5. Simulate natural attenuation using analytical or
numerical solute fate-and-transporl models that allow
incorporation of a biodegradation term, as necessary.

6, _Idnntify potential receptors, and conduct an

exposure-pathway analysis.

7. Evaluate the practicebility and potential efficisncy of
supplemental source rameval options,

B, K natural attsnuation with or without gaource removal
is acceptable, prepars a long-term menitoring plan,

9. Present findings to tagulatory agencies, and obtain
approval for remediation by natural atienuation.

Review Avnﬂ#b.'e Site Data, and Develop a
Prellminary Conceptusal Model

Existing site characterization data should b reviewed
and used to devalop a conceptual modei for the site. The
prefiminary conceptual modsl will help idertify any
shoricomings in the cata and will aow placement of
udditional datz collsction points in the moat scientifically
adventageous and cost-affective mannaer. A conceptual

" modsl is a threa-dimensicnal represeniation of the

4, Rafine the conceptual model, complete premodeling

&1

ground-water tiow and solute transport system basad on
available geological, blological, geochemical, hydrologi-
cal, climatological, and analytical cata for the site. This
typs of concepiual made! ditfars from the concaptual site
models that risk assessors commenty use tha! gualia-
tively consider the location of cortaminant sources, re-
lagse mechanisms, ransport pathways, exposure
points, and receptors. The grounc-watet system con-
ceptual modal, however, faciitatss identification of thesa
fisk-assessment olemants for the exposure pathways
analysis, After development, the concaptual medel can
be used to help determine optima} placement of addi-
tional data collection points (s necessary) 1o aid in the
natural attenuation invastigation and to davelop tha sol-
uta fate-and-iransport modal,

Contracting and managsment controls must ba flexible
enough to allow for the potential for revisions to the
conceptual model and thus the data collection gficrt. In
casas where iew or no sha-specific data are available,
all future site charactedzation ectivitias should be de-
signad to collect the data necessary to screen the site
tc datarmine the potential for remmdiation by natural
attenuation. The additional costs incurred by such data
collection are greatly outweighed by the cost savings
that will be reslized il natural attenuation is selected.
Moreovar, most of the data collected in support of natu-
ral attenyation can be used to design and support other
remedial measuras,

Tabls 1 contains the soll and ground-water analytical
protocol for natural attenuation of chiorinated aliphatic
hydrocarbons and/or fue! hydrocarbons. Table 1A lists a
standard set of methods, while Table 1B lists methads
that ars under develcpmeant and/or consideration. Any
plan to coliect additional ground-water and soil guallty
gata should Inciude targeting the anafytes listed inTable
1A, and posslibly Tabla 18,
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Tabis 1A. Sl and Ground-Water Analyllesl ProtocoH
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fiald sdraction  comaminani mass ool 1o 4°C
of soll using  presant, and the need
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Muthod A4500 than 1 mol. pa using u fow-through
for & incicats =N anasnobic
camparsbla palitwiy
laborsdory
procedury
Water Nitrate lron chiomatography  WMethod E300  Substrats for microbial SEach samping Coflectup 40 mi  Fixed-baks
Method E300; Is a hancbcok  respimtion I oxypen of waler i 0 glass of
methay mathod; algs e daphelad piastic contalree; mtid
provides ' Hz50, o pH lasa
chioride data then 2; cool %0 4°C

Water  Irondll) Colorimatric Fittar f wrbid  May indicaie an Each sampling  Collect 100 ml of Fleid

{g&) Mathod 8148 anasoble water in & glzxs
process dus i comtainer
depleior of cxygan,
niwaw, snd ;
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Rezommended Sumpie Volume, Flaid ar
L Frequency of Samples Container, Flxed-Bass
“vatrix Analysls MethodRsferenca™ Commants®  Dats Use Analysls Sumpls Preservation Laboratory
«Bter Sulfate Iren chromatogrply  Mathod E300  Subastrate for Ench tampling Collsstupadbml  E300 =
(S0,-2) Mathod E200 o ls 8 handoook  anaembis microbial  mund of watar in & gins3 o Fixad-basa
HACH Method B051  mathod, HACH  respimation plastie containar; cool
Mathod BDS1 o a'C HACH
] ] Mathed
ectorimatric 8051 = Figld
mathod; use
ong o tha
cihar
Waisr Methane, ~ Kampbal ot al 35)  Mathod The pasence of CH, Each samipiing  Cellsct water Flopd-Dmpe
sthane, or SWRE1D, modified  publiched by sampias in 30 mL
and nthene EFA blod ton ol giaas sarum botties
resaMrohem cvbon via with buiyl
m 1 [+ afion-lined
wthare and sthans caps; add M0, 0
ars producsd during pH és Wan 2; cool
o
cechiarination
Waisr Alkainity  HACH alkaliniy test  Phenolphtalein  Water qualty - Each smping  Collect 100 miL of Fiald
kit Modal AL AP MG-L. mathod parmmaty ueed © water In plasa
muessure the budiaring contalnar
capacty of
waiter; can be vsed |
stimats the Rmount
of produced
during blodegradation
Wiater Onddation-  AZ5B0B Maasurermacik  Tha oodddation- Each sampding  Collect 100 ® Flaid
faducion made with reduction potential round 250 mL ol waler
polenks! sisctrodes, of ground wate’ in & glasy containes
' mpulls are influences and s
dicplayed on s influenced by the
meter, polect  hatara of e
semplas kom  biclopically mediated
SXpCHEUTS 1B degradation of
aygien; fapart | conisminants; the
reauits agaimst  oddabion-redudlion
n ghvarigivar  potential of ground
chioride walar may mnge irom
mlarahce mom than 800 mV 1o
slactrods lesg than =430 mY¥
Waisr pH Flald prabe with Fiald Awrobic and Ench sampiing  Collect 100 10 Fleid
direct repcing mater anasmobic 250 mL of water
ary pH-sansitive in & ginas or piastic
corfminer; analyzs
. immadixtaly
Waisr Tempsrature Fieid proDe with Fiald only Waell deveicoment Ench sampling Mot applicable Fiakt
dirsct raadicg meter round
Waler Conduciivity E120,1/5W3a050, Proteols/ Watsr quallty Euch sampling  Cobwct 100 10 250  Fled
direct pading memr  Handbook rused asa  mound mL of walas In
methods marker & verlfy thad plass or piastic
site samples are continer
obtaired rom the
sama ground-water
systemn
Vawr Chiorida Marcurie nitrate lan Finat proguct of Each sampling  Collect 250 mb of Fined-base
firation AMS00-Cr € chromategraphy chicinaied solent round ~ walw in a glass
Method E300;  reduction; can be ' contginer
Mathod - ussd 10 astimate . .
SWR050 may  diiution In calcuiation
giso ba vasd  of rals constant
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Recommanded Sampla Volama, Flald or

e “w Frequency of Sampls Contalner, Flxed-Eame
Matrix Analysis  MethodRterence” " Comments Data Uss Anslysis Sample Preservation Laborstiory
Water Chiodids HACH chioride tewt Sitwar Ritraty Ag above, and to Each sampling Collect 100 mL of Fisd
(cptional; it Mods B-P Hiration guide sslaction of round waler i n pikse
Ml Chtty adkdltionsl duta points coralnar
usa) in raal ime whils In’
the faid
Walar Tota! SwWe0s) Labormicry Used 1 cleasily Each sampiing  Collect 100 mL of Laboratory
orparic plumas and o rourd waler in & glass
carbon detarmine whathar cortainer; cool
' RNARrhc metabolsm
of chiofinated Sokvenits
» pontible In the
wbesnce of
snthropogenio carbon
¥ Analysas cther than those Ested in this table may be requiced for regulatory compliance.
:'sw'mluu MWMMM Hqﬂuj' u:tqmmmm

“E" nedars to Mathody for Ghemical Anedysts of Wister and Wasiss {30).,

U s ACH" i 1o the Hech Company aatalog (31},
174" refers Yo Standand Mathds for the Examinetion of Water and Wastawatar (32).
MMM;HNAFCEE Handbocok K Support the resalsion Restoration Frogram (IRF) Ramedial investigations and Faastbify
*?wmw'nmceemmwmm.mmwmtm
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Recommandad Bample Voluma, Flald or

Fraquancy Container, Flxed-Base
Matrix Analysis MathodFeisrence Commenis  Data Usa of Analysis Praservation Labarstory
Soll Bologically Under caveiopment  HGI To pracict tha One ound o1 Collect minirwm Laboratory
rvailable keon(ll} WETROHON poisible axtant of  samphing n 1-inch diamater
followedi by  won reduction in five borings.  cone paTphas into
QUANNECAtON  &h aduiter fivd CorRm & plaste Hnar, cap
from aach
-l barng saration
Water  Nutritonal Unclar demlopment  Spacino- Todetwminethe Orerundol Collect1000ml  Lebomiory
quaXty of ntive phommatric  extert of mdustve  sampling In in an amber glass
organic mattar method dechiodeution twi 10 v CoMaingT
aloved by the weals
supply of slaciron
, donor
Water  Hydtopen (Hg]  Equillbration with Specipiized  To dmwrming the  One round of ut wall Flald
gt in the fiek; Khibyals Pl Secron sampling mﬁu
detammined with & soospiing prooess; praducton of 100
raclucieg g predicts the i par minute of
poasitty fou water lor 30
mductive minutes
dechiorination
Water  Ouygenaies swaz2anapise Laboraiory  Contaminant or Atlsastone  Collect 1L of Laboraiory
(inciuding slactron donon B water In & plass
mathv-taribumd for dachiodnation  round or ai
whar, athanms, of sohmme detarminad ; presarve with HCY
etic s, by reguiators
mathanol, and .
acetona)

in
" Sike charwcterization should not ba caiaysd if these mathods are unavailable.
E4SW raters to Test Mathods kv Evatamting Solid Waste, Physical and Chamical Mathoas (28).
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‘ Scraan the Site, and Assess the Potential for
Natural Attenuation

“fter reviewing available site data and developing a

eiiminary conceptual model, an assessment of the
~oisntial lor netural attenuation must be made. As stated
previously, sxisting data can ba usalu! In determining
whgther natural attenuation will ba sulficient i prevant
a dissolved contaminant plume from completing expo-
sure pathways, or from raaching n predatermined point
of compliance, In concentrations above applicable ragu-
latory ot risk-based comective action standards. Dater-
mining the llkelihcod of exposure pathway complation is
an important component of the natural attenuation in-
vastigation. This Is achieved by estimating the migration
and futurs extent of the pluma basad on coraminant
properties, including volatilty, sorptive propartiez, and
biadegradabliity; aquifer praperties, including hydraulic
gradlent, hydraulic conductivity, porosity, and total or-
ganic carbon (TOC) content; and tha iocation of the
plume and contaminant source relative to potentlal re-
cepiars (1.8, the distance batwaan the leading edge of
the plume and the potential mceptor exposura points).
These pararmeters {estimeted or actusl) are used in this
saction to make a praliminary assessment of the efac-
tiveness of natural attenuation in reducing contaminant
concentrations.

If, after completing the steps outlined in this section, it
‘paars that natural attenuation will be a significant
.. Stor in contaminant removal, detallad slte charac-
" terization acthities in support of this remedial option
should be performed. If exposure pathweys have als
ready been completed and contaminant concentrations
excesd regulatory levels, or if such completion is likely,
other remadial measures should be considered, possi-
by in conjunction with natural attenuation, Even 3o, the
collactlon of data in support of the natural attenuation
option ¢an be integrated intd a comprehensive remedial
plan and may halp reduce the cost and duration of other
ramadial measuras, such as intensive source ramaval
operations or purnp-and-treat tachnologlas, For axam-
pla, dissolved iron concentrations can have a profound
influence on the dasign of pump-and-trent aysiems,

Based on the experiance of the authars, in an asfimated
80 percent of fuel hydrocarbon spills at federal fagilities,
natura! attenuvation alone will ba protective of human
heaith and the environment. For gpills of chigrinated
aliphatic hydrocarbons at fadaral facilities, howaver,
natural attenuation alons will be protactive of human
health and the environment in an estimated 20 percant
of tha casas. With thig in mind, i is easy to understand
why an accurate assesament of the polential for natural
hiodegradation of chisnnated compounds should be

de before investing in & detailed study of natural
-—a@nuation, The sereening process presented In this
section Is outlined in Figure 2. This appgpach should
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allaw tha investigator to determine whether natural atteny-
ation s bkaly to be a viable remedial altemative before
additional time and maney am expended. The data re-
guired to make the preliminary assassmant of ratural
attenuation can also be used to aid the design of an
enginaered remedial solution, should the screening proc-
853 suggest that natural attenuation alone i§ not teasible.

The folkowing tnformation is required for the screening
pracess:

* The chamica! and gacchamical data presented in Ta-
ble 2 for & minimum of six samplas. Figura 3 shows
the approximate lozation of these data collaction
polnts. f other contarninants are suspected, then
data on the concentration and distibution of these
compounds also should be obtained.

» Locations of source(s) and receptor(s).

» An estimate of the contaminant transpon veloclty and
diraction of ground-water fiow.

Once thesa data have besn collected, the screening
process can be undertakan, The following steps sum-
marizs tha screening process:

1. Delarmine whether biodegradation is oceurring using
pgeochemical data. § biodegradation is occurring,
procesd to Step 2. If it is not, assass the amount and
types of data available. If data mra ingufficient to
detarmnine whathar bicdegradation s occurring,
collest supplemental data,

2. Determine ground-watet flow and solute transpon
paramsters. Hydraulic conductivity and poresity rmay
be estimated, but the ground-water gredient and flow
direction may nct. The inveatigator should usa tha
highest hydraulic conductivity measured at the site
during the preliminary screening bacause solute
piumes tand to follow the path of least resistance
{l.a., highast hydraulic conductivity). This will give the
“worst case” estimata of solute migration cver a
givan parod.

Locata sources and recaptor axposure paints.

4, Estimate the bicdegradetion rate constant. Bio-
degradation rate constanis can be estimated using
a conssrvative tracar found commingled with the
contaminant plume, as described by Wisdemeier ot
af, {36). When dealing with & plume that contains
only chlorinated solvents, this procedure will Have to
be modified to use chicride as 2 tracer. Rate
ccnstants derived from micrccosm studies can also
be used. i it is not possble to estimate the
biodegradation rate using these procedures, then
use & range of accepted literature values for
bicdegradation of the contaminants of concem.




Analyze Available Stte Data :
ta Cetarmine i Bicdegradation
i Deourring

| Collect More Screaning Data

Determine Groundwater Flow and
Solte Transport Parameters using
Bits-Specific Data; Porosity snd
Disparivity May ba Estimated

Locate Bource(s)
and Receptors)

Extimate Blodegradation
Rate Constant

Campara the Rate of Tranaport
to the Rate of Aftenuation using

Analytical Soluta Transport Moge|

Ara

Scrashing Critatia
Met?

Does

pear that Natueal
Attanuation Alone will Meet
Regulatory Criteria?

Perform Sia Charactarzation
te Support Natural Attenuation

Flgure 2, Initial scraening prosess Fow chark

Evaluate uss of Seincted
Additions] Remediat Optiona
along with Natural Attenustion
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Tabls 2. Analytical Paramsters and Weighting for Praliminary Boresning

analysis.
b Points wwarded only It It 2an be shown that the compound 15 a Saughter product {La., not n constiuent of the seurce NAPL).

Conzantration in Maat Polnts
Anmlyte Contaminmtad Zona Interpretation Awirded
men” < 0.5 mpl Tolerated; suppressas tecductiva dechionnation at higher 3
comaentratione
Oxygen' »>1mght Vinyl shioride may be cxidized aesobically, but reductive 3
gechiorination wik not oocur
Nidraie® <1 mgl May compais with recuctiva pathway at highar 2
soncentrations
Ireses (Y »1 mgl Reductive pathway pozsiie 3 !
Sulfate® « 20 mgll May compate with recuctive pattway at highar 2 :
concentrations
Bulfide* »1mgh Reductive pattiway poasitle 3 !
Mathane® > 0.1 mplL Uttmale reductive daughtsr product 2 st
»1 Vimyi chicrica scoumutates a m
<1 Viryl chioriza cxitizes o
Oxldation reduction « O mV apainst AgfAgCd Reductive pathway e <50 mV ey
patentin® R ARG _ poss <+100 MV = 2 f‘
pH SepH< Tolersied enge for reductive patinwey L
poC >0 mgh Guibon s energy scwoe; drives dechlorination; canbe 2 -
naturl! of anthropogenk: .
Tarrgarature® > 20C AT > 208G, bochemical process is accolerated 1
Carbon dindde » 2% backpround Litimate oxidative daughtar product 1 H
Alkalinky » 2 background RAesulis from interaction of carbon diaxice with aguifer 1 S
Wadde® » 2% Backpround Dasghier prodiact of orgunic chiorne; compans chicride 2 i
in plums to baskground conditions ~
'Hydmnm "1 M Feductve patwey possible; vinyl chiorice may 3 i
. :
Hydrogen <1 nM Vimyl chionide coddizrmd
Voistle falty ackds » 0.1 mgl Irtermadiates resuling from biodegradation of aromatic 2
COMPOUNds; carbxon and SNergy source
BTE* » 0.1 mpl Carbon and snargy source; drives sechioination 2
Parchlorsethens® Matarial relsated
Trichioroatharg* Metasml ralenand or dauphisr product of perchiaroathene o -
Dichicronthanat Matanal releassd or daughiar product of trichiomathena; 2b '
if amaunt of g1, 2-dizhiesatane is greater than 85%
of otal dichicroathene, H is Dkely » daughis: product of
Vinyl chiorde® Material released or daughiar product of dichioroethenes - -
Ethans/Ethans «< 0.1 mgl Dwughiar product of vinyl chiorkin/ethene >0.0' mgl=2
»01m3 -
Chioroathans® Daughter pasciuct of vimyl chioride undar radueing 2 T
conditions e
1,1,1-Trichiorethane® Masorial rwieazed .
1.1-dichicrosthena® Daughtar product of trichiorosthena or nhmiul reaction T
: of 1.1, 1-trichioroathane :
o m
———
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Figurs 3. Data collection peints reguired for stresning.

5. Con'paruﬁn;meoﬂransparttomamtnofattanuaﬁm,
using analytical solutions or a screening modal such
as BIOSCREEN.

6. Determina whethar the screening criteria ara met.
Eech of these steps is described in detail below,

Stap 1: Datermine Whathsr Biodegradation Is

- Geeurring

Tha first step in the screening process iz 1 sample at
lsast six wells that are reprasentative of the contaminmnt
fiow systarn and 10 analyze tha samples for the parama-
tars listad In Table 2, Samples should be taken 1) from
the most contaminated portion of the aquiter (generally
in the area whare NAPL currently is prezert or was
prasent in the past); 2) downgradient from the NAPL
source srea birt still in the dissolvad comaminant piume;
8) downgradient from the diesolved contaminant piume;
and 4) from upgradient and lateral locations that are net
affacted by the plume.

Samples collacted In the NAPL source area allow deter-
mination of the dominant terminal electron-accepting
processes &t the sile. In conjunction with sarmnplas col-
lected in the NAPL source zone, samples collected in
the dissolvad plumé downgradisnt from the NAPL
source zone aficw the investigator to datermine whether
ths plume Is dagrading with distance akong the flow path
and what the distribution of alectron accaptors and do-
nors and metabolic byproducts might be along the flow
path. Tha sample collacted downgradlent from tha dis-
sotved plume aids in plume delineation and aflows the
investigator to determing whether metabolic byproducts
are present In an area of ground watar that has been
remadiaied, The upgradiant and |ataral samplas allow

delineation of tha plume and indicate background con-

centrations of the alectron acceptors and donors,

After these samples have been analyzed for the pa-
rameters listad in Tabla 2, the investigator should ana-
lyze the data to determine whether bicdegradation is
occuring, The right-hand column of Table 2 contains

48

scering valuss that can be usad for this task, For axam-
pla, if the DO concentration in the area of the plume with
the highest contaminant concentmtion s less than 0.5
miliigrams per liter, this parameter is awarded 3 points,
Table 3 surnmarizes the range of possible scores and
gives an interpretation for each scom. It the site scores
a toial of 15 or more points, biodegradation is probably
peourning, and tha investigator can procsed to Step 2.
This mathod relies on the fact that bicdegradation will
causs pradictable changes in ground-water chamistry.

Table 3. Intwpestation of Polnte Avsrdad During Serwaning Btep 1

Savre Ierpretion

Do E 1 svidance for biogegrckition
of chisfinatad organic

6114 Lirnitad evidence lof bicdagmdation of
shiorinated organics

15 1o 20 Adecuas svidenos for biodegradation of

» 20 Btrong svicence for hiodegradation of
chiorinated orpanke

Consldar tha following two examples. Exampie 1 con-
tains data for B site with strong evidence that reductive
dechiodnation Is ocouming. Exampls 2 contains data for
8 aite with strong evidence that mductive dechlorination
Is not occuring.

Exampia 1. Evidencs for Biodegradation of
Chiorinatad Organics

Conoanwration In Most Faints
Analyte Contaminuted Zohe Awerded
Do 2.1 mgl a
Nitrate 0.2 mgL 2
ren{IN 10 mph. 3
Sutiats 2 mplL =
Masihane 5 mg/L 3
Oxidation-raducton 150 mV <
potantial
Chiorids | ax backgroursd 2
Perchioroethune 1,000 1L, o
(raiansad)
Trichiorosthere 1,200 pgl. 2
{none rvsasad) v
cis1 2Dichlarosthens 500 ppl 2
(rone releksed)
¥iryl chiioride 80 pp 2
{nong reieasad)

Totel points awarded 23




in this axample, tha invastigator can infer that biodagra-
. datian Is oceuring and may procesd to Step 2.

«~ampia 2. Bladegradation of Chiorinated Organics Unilkely

Cancantration in Most Polnkx
Amalytn Contaminated Zone Awnrdad
oo 3 mg/lL -a
Nitrate 03 mpl 2
Iren{tl} Not deteciad [+
Sullate 10 mglL 2
Mathane ND ]
Oxldution-redustan 100 my 0
potental
Chiciida Background 0
Trchiaroethene 1,200 pgd, 0
(raleayed)
gig-1,2-Dichloroathana Not datectad 1)
Vinyl chioride ND

Tolal poirts awarded 1

In this axample, the investigator can infer that blodegra-
atlon is probably not oecurring or is cccuming too slowly
2 i viable remadial optlon. in this caga, tha investi-
_ or cannct procead to Step 2 and will fikely have to
implernant an snginaemd mwmediation system,

Step 2: Datermine Ground-Water Flow and Solute
Transport Parameters

After biodegradation has baen shown 1o be oceurring, i
is important to quantify ground-water flow and solute
transport pararmeters. This will make it possible to use
& Sclute trangport model to quantitatively astimata tha
concentration of the plume and its direction and rate of
travel. To use an anzlytical model, it is nacessary to
know the hydraulic pradient and hydraulic conductivity
for the site and to have estimates of the porosity and
dispersivity. The coefficient of retardation also is helpful
fo know. Quantification of thase parameters is discussed
by Wiedemaier et al. {1).

To make medeling as accurats as possible, the investi-
gator must have site-specific hydraulic gradiant and hy-
draulic conductivity data. To determine the ground-water
flow and solute transport direction, the site must have at
least three accurately surveyad waells, The porosity and
risparsivity are gensrally astimated using acceptad lit-
Ire vaiues for the types of sedimants found at the

_. . I the investigator doss not have TOC data for soil,
the coefficient of retardation can be astimated; however,

Bssuming that the soluts transpert and ground-water
velocities are the same may be more conservative,

Step 3; Locate Sources and Receptor Expeosure
Points

To determine the length of flow for the predictive modals
ing conducted in Step 5, it is important to know tha
distance between tha scurme of contamination, the
downgradient end of the dissoived plume, and any po-
tential dewngradient or cross-gradient recepiors,

Step 4: Estimsats the Biodegradation Rate
Constant

Blodagradation Is the most important process that da-
grades contaménants in the subsurface: therefors, the
biodegracation rate is one of tha mosat impartant modat
input perametars. Bicdegradation of chiorinated ali-
phatie hydrocarbons can commonly be representad as
a first-order rate constant. Slte-spacific biodegradation
rates ganevally ars bagt to use. Calculatlon of site-spe-
cific biodagradation rates is discussed by Wisdemalar
&t al. (1, 38, 37), H determining slte-specific blodegrada-
tion rates is impossible, then litermturs valuas for the
biodegradation rate of the contaminant of intereat must
be used. It i generally best to slart with the average
valua and then to vary the mode! input to pradict “best
casg” and “worst case’ acenarics. Estimated biodagra-
dation rates can ba used only after blodagradation has
besn shown to be oceitring (sea Step 1).

Sflp 5: Compare the Rate of Transport to tha
Rats of Attenuation

At this sarly stage In the natural attenuation damonstra-
tion, companson of tha rate of soluts transport to the rate
of attenuation i best accomplished using an analytical
model. Several anzlytical models are available, but the
BICSCREEN modal is probably the simplest to use.
This model is nonproprietary and Is available from the
Robart S. Kerr Laboratory's horne paga on tha Intemeat
(www.epa.goviadakerlabitml), The BIOSCREEN
maasl is based on Domanica's solution to the advection-
dispersion equation (38}, and allows use of either 2
first-order biodegradation rate or an Instantanaous reac-
tion between contaminantz and electron acceptors to
simulate the effects of biodegradation. To mode! trans-
poit of chicrinaled aliphatic hydrocarbons Using
BIOSCREEN, only the first-order decay rate option
shouki be used, BIOCHLOR, a eimilar medel, is under
devaelopmant by the Tachnology Transfer Division of
AFCEE. This model will likely use the sams analytical
solution as BIOSCREEN but will be geared towards
svaluating transport of chlerinated compounds under
the influenca of bicdegradation.

Tha primary purpose of comparing the rate of transpont
with the raie of attenuation is 10 determine whether tha
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regidence time along the flow path is adequate to ba
protective of human heakth and the environment (i.a., to
qualitatively estimate whether the contaminant is attenu.
ating &t & rate fast enough to aliow degradation of the
contaminant to acceptable concentrations before recep-
tors are reachad). i is important to perform a sansitivity
analysis lo help svaluata the confidence in the prelimi-
nary screening modeling effort. If modeling shows that
receptors may not be axposad to contaminants at con.
cantrations above risk-based corrective action crtaria,
then the screening critaria ars mat, and the Investigater
can procesd with the natural atlenuabon feasibility study.

Step 6: Datermins Whether the Streening Criteria
Ars Mat

Befors proceeding with the full-scale natural atsnuation
feasibility study, the investigator should ensura that the
answers 1o all of tha following criteria are “yes":

+ Has the plume moved a distance less than axpactad,
bassd on the known (or estimated) time since the
contaminant raleasa and the contaminant velocity, as
cakeulaied from site-specific measurements of hydraulic

conductivity and hydraulic gradient, &8 well as estimates
of eftactiva porosity and contaminant retardation?

v |s it llkely that the contamvinant mass is attenuating
at rates sufficient to be pretective of human health
and the environmant at & point of discharge to a
sansiive envimnmental racaptor?

= |s the plume going to attanuats to concentrations kess
than risk-based comective action guidalinas before
rmeaching potentia! receptors?

Collect Additionai Site Charactarization Data
To Support Natural Attenuation, As Required

Detailed site chamcterization is necessary to decument
tha potentiat for natural attenuation. Review of existing
eits charactarization cata is particulary usaful before
initiating site characterization activities, Such review
should allow ideniification of data gaps ard guida the most
efimctive placamant of additional data collection points.

There ars two goals durng the sits chamcterzation
phase of a natural attenuation investigation. The first |s
to collect the data neaded to determine whethar natural
mechanisme of contaminant attenuation mre occurring
at rates sufficient to protact human heglth ang the envi-
ronment. Tha second is to provide sufficient site-specilc
data to allow prediction of the future extert and concan-
tration of a contaminant plume through soluts fate-and-
transport modeling. Becausa the burden of proof for
natural atienustion is on the proponent, detalled she
characterization is required to achieve these goa's and
to suppont this remedial option, Adaquate she charac-
ierization in support of natural attsnuation reguires that
the following site-spacific parameters be determined:

+ The extent and iype of soil and ground-watar
contamination,

* Ths lecation and axtsnt of contaminart source area(s)
(.e., areas containing mobile or residual NAPL).

» The potential for a continuing source due %o leaking
tanks of pipelines, -

. Aquifer geochemical pararmaters.
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» Regional hydrogeology, including drinking waler aqui-
fors and ropglonal confining unlis.

» Local and slie-spacific hydrogeclogy, including lozal
drinking water aquiiers; location of industrial, agricul-
tural, and domestic water walls; pattems of agquifer
ugse {current and futuma); lkhology; eite stratigraphy,
inciuding identtfication of transmissive and nontrans.
migsive units; grain-size distributlon (sand versus siit
versus clay); aquifer hydraulic conductivity, ground-
water hydraulic inforrmation; preferential flow paths;
locations and typas of surface water bodies; and ar-
eas of [ocal ground-water recharge and discharge.

e |dentification of potential exposure pathways and
receptors,

The following sactions describe the methodologies that
should ba Implamentad to allow successfu! ste charac-
tarization in support of natural attanuation. Addltisna! infor-
mation can be cbtained from Wiadamaier ot al. (1, 37).

Soll Characterization

To atagquately dafine tha subsurface hydrogeologic sys-
tam ard 10 detarmine tha amount and three-dimensional
digtribution of moblie and residual NAPL that can act as
a continuing source of grounk-water contamination, ax-
tensive soil characterization must be completad. De-
panding on the status of the sie, this work may have
basn completed during previous remedial investigation
activides. The rasults of solls characterization will be
used &3 input into & soluta fate-and-transport modal to
help define a contaminant scurce term and to support
the natural attenuation invastigation.

The purpose of soll sampling is to dstarmine ths subsur-
face distribution of hydrostratigraphic units and the dis-
tributlon of mobile and residual NAPL. These objeclives
can bs achisved through the use of convertional soil
borings or direct-push methods (8.g., Geaprobe or cona
penstrometer testing), All soll samples should be col-
lected, described, analyzed, and disposad of in actord-
ance with locel, state, and fedaral guidance. Wisdemeier
et al. (1) preseant suggested procadures for soll sample
collection. Thess procedures mey require modificatlon
to somply with local, state, and federal regulations or to
accommodate site-specific conditiona.

The analytical protocol to be used for soil sample analy-
sis is presented in Table 1. This analytical protocol



' includ @z all of tha parameters necessary io document
naturai attenuation, including the effects of sorption and
bicdegradaiion. Knowledge of the location, distribution,
concentration, and total masa of contaminants of ragu-
'story concem sorbed to soiis or present as residual
and/or mobila NAPL s required t& calculate contaminanit

partitioning from NAPL Into ground water. Knowledge of

the TOC contant of the aquifer matrix is important for

somption and sclute-ratariation calculations. TOC sam- -

ples should ba collected from a background location in
the stratigraphic horizon{s) where most contaminant
transport Is expecied to occur. Oxygen and carbon di-
oxids measurements of sall gas can be used to find
areas In the unsaturated zone where biodegradatlon is
occurming. Knowledge cf the distribution of contaminants
in scil gas can be used &= a cost-effective way 1o
estimate the exten! of scil contamination.

Ground-Water Characterization

To adequataly detsrmina the ameunt and three-dimen-
slonal distribution of dissolved contamination and 1o
cocument the occurrence of natural attenuation,
ground-water samples must ba collected and analyzed.
Biodegradation of organic compounds, whether natural
or anthropoganic, brings about measurable changes in
the chemistry of ground water in the affected area. By
measuyring these changes, documentation and quantita-
tive evaluation of natural attenuation's importance at a
“lte are possible.

. Ground-water sampling is conductad to detenmina the
concentrations and distributien of eentaminants, daugh-
tor products, and grounc-water geoshemical parame-
ters. Ground-water samples may be obtained from
monhering wells or with point-source sampling devices
such as a Geoprobe, Hytiropunch, of cone penetrome-
ter. Ali ground-watar samples should be ccilected in
accordance with local, stats, and fedsral guidslines.
Wisdemsier st al. {1 sugpest proceduras for ground-
water sample collection. Thasa procedures may need te
be modifisd to comply with local, state, and fedaral
regulations or to accommodate ske-specific conditions.

Tha analytical protocol for ground-water sampla analy-
sis is presented In Table 1. This analytical protecol in-
cludes all of the paramaeters necessary io document
natural attanvation, including the affacts of sorption and
biodagradation. Data obtained from the analysis of
ground water for these analytes is used to scientifically
documant natural attenuation and can be used as input
into a sclute fate-and-transport model. The following

paragraphs describe each ground-water analyfical pas

rameter and the use of sach analyte in the natura
atenuation demonstration.

»latle organic compound analysis {by Methad
WE2B0a) is used 1o determine the typas, condentra-
tions, ang distributions of contaminants and daughter

products in the aquifer. DO is the electron acteptar most
thermodynamically favored by microbes for tha blode-
gradation of organic carben, whether netural or anthro-
pogenic. Reductive dechlorination will not ocgur,
however, if DO concentrations are sbove approximately
0.5 miiligrams per liter. During asrobic bicdegradation of
a substrata, DO soncentrations decrsase because of
the microbial oxygan demand. After DO depletion, an-
aerobic microbas will use nitate as an electron ac-
ceptor, followed by iron(lll), then sulfata, and finally
carhon dicxide {methancgenesis). Each sequentlal re-
action drives the oxidation-reduction polential of the
ground water further into the realm where reductive
dechlofination can occur. The oxidation-reduction po-
tential rangs of sulfate reduction and mathanogenesis Is
optimal, but reductive dechiorination may occur under
nitrate- and iron(Ill)}-raducing conditiens as well. Be-
cause reductive dechlorination works best In the suliate-
reduction and methanogenasis oxidation-reduction
potantial rangs, compatitive exclusion betwean micre-
bizl sulate reducers, methanogens, and raductive
dechiorinators can ooour.

After DO has been depleted in tha microbiclogical treat-
ment zone, nitrata may be used as an alectron acceptor
for anaerobic biodagradation via denitrification. in some
caeas iron{ll)) is used as an elactron accepler during
anaerobic blodagradation of electron donors. During this
process, iron{lll) is reduced to ironll), which may be
soluble in water. Iron{li) concentrations can thus be used
a6 an indicator of anaercbic degradation of fusl com-
pounds. After DO, nitrate, and bicavailable iron(lil) have
baen deplsted in the microbiclogical treatment 2onm,
sullate may be used &g an electron acceptor for anasno-
bic biodegradation. This process is termed sufints re-
duction and results In the production of sulfide. During
methanogenesis (an anasroblc biodegradation proc-
ess), carbon dioxide {or acetate} is used as an siectron
accaptor, and methane is produced. Methanagenasis
generally occurs after oxygen, nitrate, bicavallable
iron(llY), and sulfate have bean daplatéd in the treatment
zone. The prasence of methane in ground water |s
indicative of strongly reducing conditions. Bacause
methane is not presant in fuel, the presence of methane
in ground water above background concentrations in
contact with fuels is indicativa of micrebial degradation
of fuel hydrocarbons.

The total alkalinity of a ground-water systemis indicative
of a walers capacily to neutraliza acid. Alkalinity is
defined as “the net concentration of strong base in
axcess of sirong acid With a purs COx-waler system as
the poirt of refarance” {38). Alkalinity resufts from the
presenca of hydroxides, carbonates, and bicarbanates
of glements such as calcium, magnesium, sodium, po-
tagsfum, or amwonia. Thasa species result from the
gissolution of rock (especiglly carbonate rocks), the
transfer of carban dioxide from the atmosphere, and the
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raspiration of microorganismes. Alkalinkty is important in
tha maintenance of ground-water pH because it buffers
the ground-water systermn against acids penerated dur-
ing both asrobic and anaerobic biodegradation.

In gensral, areas contarinated by fus! hydrocarbons
axhibit 2 total alkaiinity that is higher than that seen in
background areas. This is expacted becauss the micro-
blally mediated raactions causing bicdegradation of fuel
hydrocarbons ceuse an increase in the total alkalinity In
tha system. Changes in alkalnity are most proncunced
during asrobic respiration, denftrification, iron reduction,
and sulfate reduction, and aré less proncunced during
mathancganesis {40). In addition, Wiliay st al. (41) show
that shot-chain aliphatic mcid jons produced during
biadegradation of fuel hydrocarbons can contribute to
alkalinity in ground water.

The oxidation-reduction potential of ground water I= a
moasure of siectron activity and an indicator of the
relativa tendancy of & solution to accept or transfer
elactrons. Redox reactions in ground water containing
crganic compaunds (natural or anthropoganic) ara usually

. biclogically madiated; therefore, the oxidation-reduction

potertial of a ground-waier system dapsnds on and
influences rates of bicdagradetion. Knowledge of the
oxidation-reduction potential of ground water also is
important bacause somse biciogical procesees oparate
only within & prescribed range of radox conditions, The
oxidation-reduction potential of ground water ganarally
ranges from 400 to 80O millivolts (mV), Figure 4 shows
the typical radox condltions for ground water when dif-
ferent electron acceptars are used.

Oxidation-raduction potentlal can be used to provide
raal-time data on the location of the contaminant plurne,
especially In areas undargoing enaerobic biodegrada-
fion. Mapping the oxidation-raduction pctential of the
ground water while in the field helps the field scientist to
determing the approximate location of the contaminant
plume. To perform this task, i is important to have at
\sast one redox measurement {preferably more) from a
wall [ocated upgradient from the plume. Oxddation-re-
. duction potantial measursments should be taken during
wall purging and immadiately before and attar sample
acquisition using a direct-reading metar. Because most
well purging techniques can allow aeration of collecied
ground-water samples (which can afisct oxidation-reduction
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potertial measuraments), it is Imporant to minimize
poteritial asration,

Pisgolved hydrogen concentrations can ba used 1o de-
tine the dominant terminal slectron-aceapting proc-

-4 in an aquifer. Because of the difticulty In obtaining
hydropgsn analyses commamially, this paramater should
be considared optional at this time. Tabla 4 presants the
range of hydrogen concentrations for a given terminal
elactron-accapling procass. Much research hag bean
done on the topic of using hydrogen measuremants to
gelineate terminal eleciron-accepting processes (42-
44). Becausa the sfficiency of reductive dechlorination

differs for methanogenic, sullate-reducing, iron(lilj-re=

ducing, or dentrifying conditions, it is helpful o have
hydrogen concentrations 1o help delineate ragox condi-
tions whan avaluating the petential for natural attenu-
“ation of chlorinated ethenss in groutd-waler systems.
Collection and analysis of gmund-water samples for
diescivad hydrogen content Is not vet commonplace of
standardized, however, end requires & relatively expen-
eive fiald laboratory setup.

leh 4, Rll'lﬂl of Hydrogen Concantrations lor n Glven
nal Elettron-Accepling Procsss

Terminal
Elactron-Aecapting Proceas

Hydrogan Concentration
{ranomoles per iter)

~~nitrification <01

J) reduction 02w 08
Sulfate reduction o4
Methanogonesis *5

Beacausa the pH, temparature, and conductivity of a
ground-water sample can change significantty shortly
following sample acquishtion, these parametsra must be
mazsured in the field in unfiltered, unpressved, fresh”™
water collected by the same technigue as the samples
takan for DC and recox analyses. The measuremants
should be made in a clean glass containgr separate from
those intended for laboratory analysis, and the meas-
ured values should be recorded in the ground-water
sampfing record.

The pH of ground water has an effact on the pressnce
and activity of microbial populations in the ground water.
This ia especialiy true for mathanogens. Microbes capa.
ble of degrading chiorinated aliphatic hydrocarbons and
petroleum hycrocarbon compounds generally prefer pH
valuas varying #rom 6 to 8 standard units. Ground-watar
temperature directly affects the solubility of oxygen and
nther geochemical species. The solubiity of DO is tem-
‘ure dependent, baing mora soluble in cold water

~murs I WaETN Wabar, Ground-water ternperature alsc affacts

the metabolic activity of bacteria, Rates of hydrocarbon

bicdegradation roughly double for avary 10°C increase
in tamperatura ("Q7yo ruls) over the tempereture range
between 5°C and 25°C. Ground-water temperatures
lass than about 5°C tend o Inhibit blodegradation, and
slow rates of biodegradation are generally obsarved in
such waters,

Conductivity i a maasurs of the ablilty of a solution to
conduct electricity. The conductivity of ground water is
directly related to the concantration of iong in soiution;
conductivity increases as lon concantration increases.
Conductivity measuraments are used to ensure that
ground watar samples collecied at a site ane rapre-
seniative of the water in tha satumied zone containing
the diszolved cortamination. ¥ the conductivities of
samplas taken from differant sampling points am radi-
cally different, the waters may be from diferent hyclm-
geologic Zonas.

Elemantal chicring iz the most abundant of the halp-
gens. Although chiorine can occur in oxidation states
ranglng from GI" to CI*?, the chioride form (Cr} is the only
form of major significance in natural waters {45). Chio-
ride forms ion pairs or complex iong with some of the
cations present in natural waters, but thess compiaxes
are not strong enough to be of signilicance in the chem-
istry of fregh water (45). The chemical behavior of chlo-

“ride 5 nautral, Chloride ions genarally do not enter into

oxidation-reduction reacticns, form no impontant solute
complaxas with other ions unless the chioride concan-
tration k& extrernely high, do not form salts of low solu-
biltty, are not significantly adsorbed on mineral suraces,
and play few vital biochemical rolas (45). Thus, phyaical
procasses control the migration of chlorida ione In the
subsurfaca.

Kaufman and Orob {46) conducted tracer experiments
in ground water and found that chloride moved through
mest of the soils tested mora conservatively {i.e., with
less refardation and loss) than any of the other lmcers
tastad. During biodegradation of chiorinated hydrocar-
bons dissolved in ground water, chloride is released into
the ground water. This results in chloride concentrations
in the ground water of the contaminant pluma that are
elevated relative to background concentrations. Be-
cause of the neutral chamical behavior of chioride, it can
bea used a= a consarvativa tracer to estimate biodegra-
dation mates using methods similar to those discussad
by Wiedemaier et al. (36).

Field Maasurement of Agquifer Hydraullc
Parametara i

The properties of an aquifer that have the greatest im-
pact on contaminant fate and transport include hydraulic
conductivity, hydraulic gradient, porasity, and disparsiv.
ity. Estimating hydraulic conductivity and gradient in the
field is fairly straightforward, but obtaining fisid-scale
infermation on porosity and dispersivity can be difficult.
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Therefore, most investigators rely cn field data for hy-
draulic conductivity and hydraulic gradient and on litera-
ture values for porosity and disparsivity for tha types of
sedimeants present at the slte. Mathods for flald meas-
uremeant of aquiter hydravlic parameters are described

by Wiedamaier et al. (1, 37).

Microblologlcal Laboratory Data

Microzosm studies ara used to show that the microor-
ganisms nacessary for biodegradation are present and
i help quantify rates of biodegradation. K property de-
signed, implemented, and Interpretad, microcosm stud-
ies can provide vary convincing documentation of the
occurrence of blodegradation. Such studies are the only
5ine of evidence" that allows an unequivocal mass bal-
ance determination based on the blodegradation of an-
vimnmental contarminants. The results of a well-designed
microcosm stucy will ba easy 1or decision-makars with
nomtechnical backgrounds to interprat, Results of such
studies ate strongly mfluencaed by the nature of the
gaological material submitted for study, the physical
proparies of the micreeogm, the sampling strategy, and

_ the duration of the study. Because microcosm studies

arg time-consuming and expensive, they should be un-
dartakan onty at sites whare thera is considerabla skep-
ticism conceming the biodegradation of contaminants.

Biodegradation mte constants determined by micre-
cosm studies often are much grester than maies
achievad in the fisld. Microcosms are most appropriate
as indlcators of the poleniial for natumal bicramediation
and 1o prove that losses are biclopical, but it may ba
inappropriate to use them o generate rate constants.
The preferable rmethod of contaminant bicdegradation
rate-zonsiant determination is in situ fisld maasurament.
The collaction of material for tha microcosm study, tha
procedures used 1o set up and analyze the microcosm,
and the interpretation of the results of the microcosm
study are presantad by Wiederneiar et al. {1).

Refine the Conceptual Model, Complete
Premodeling Calculations, and Document
indicators of Natural Attenuation

Slte investigation deta should first be used to refine the
conceptual model and quantiy ground-watar flow, sorp-
tion, dilution, and biodagradation. The results of these
cakculations ane used fo scientifically docurnent the occur-
rence and rates of natural atteruation and to help simulate
natural attenuation over time. Bacause the burdan of
procf is on the proponent, 21 avaitable data must ba
integrated in such a way that the svidence |5 sufficlent to
support tha conclusion that natura) attenustion is oeouning.

Conceptual Model Refinement

Concaptual modal refinemant involves intagrating newly
gatherad sita charactarization data io refine the prelimi

nary conceptual model that was developed based on
previously sxisting site-gspecific data. Quring conceptual
madal refinement, alf available ste-specific data should
be integrated o davalop an accurate thres-dimaneional
rapresantation of the hydrogeologic and contaminant
transport system. This conceptual model can then be
used for contaminant fate-and-transport modaling. Con-
cepiual modal refinament consists of several etaps, in-
cluding prepamation of geologic logs, hydrogeckogic
sactions, potantiometric surface/water table maps, con-
taminant contour (isoplath) maps, and slactron accapior
and metabolic byproduet comtour (isopleth) maps. R
finement of the conceptual model is described by
Wiademaler et al, (1),

Pramcdeling Calculations
Sevaral calculations must ba made prior to Implemanta-

_tion of the sclute fatg-and-transport model. These cal-
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‘culations include sorption and retardation calculations,

NAFL/water-partitioning calculations, ground-watar flow
velocity calculations, and biodegradation rate-constant
calculations. Each of thesa caiculations is discussed In
the following sections. Most of tha specifics of sach
calculation are pregented in the fuel hydrocarton natural
attanuation technical protose! by Wiadsmaiar et al. {1),
and all will ba pressntad In tha protocol incorporating
chiorinatad aliphatiz hydrocarben attenuation (37).

Blodegradation Rets Constant Caleulations

Biodeygratiation rate constants ara hecessary to simu-
late accurately the fate and transport of contaminants
dissolved in ground water. In many cases, biodegrada-
tion of contaminants can ba approxirnated using first-or-
der kinetice. To calculata fimt-order biodegradation rate
constants, the apparent degradation rate must be nor-
malizad for the effects of dilution and volatikzation. Twe
methods for determining first-order mate constants ane
described by Wisdsmeier et al. (38). One method in-
voivas tha use of a biclcgically recalzitrant eompound
found in the dissoived contaminant plurme that can ba
used as a conservative tracer. Tha other mathod, pro-
posad by Buscheck and Alcantar (47) involves interpre-
tation of a steady-state contaminant pluma and is bassd
on the one-dirmensional steady-state analylical sclution
to the advection-dispersion equation prasentad by Bear
{(48). Tha first-order biodegradation rate constants for
chiorinatad aliphatic hydrocarbone ame also prassnted
{J. Wilson &1 al,, this volume).

Simuists Natural Aﬂ:enuaﬂon Using Solute
Fats-and-Transport Models

Simulating natural attanuation using 2 soiute fate-and-
trangport model allows prediction of the migration and
attsnuation of the contaminant plume through fime. Natu-
ral alteruation modekng Is a tool that allows site-specific



data to be used to predicl the fate and transport of
solutes under goveming physical, chemizal, and biologi-
~a| procesess. Hence, the results of the medsling affort
not in themselves sufficient proof that natural attenu-
.on is pcourning &t a givan site. The results of the
modaling affort are only as good as the original data
input inte the model; therefors, an invastmeant in thor-
ough site characterization will improve the validity of the
modeling results, In soma cases, straightforward ana-
lytical models of contaminant attenuation are adequate
to simulate natural attenuation,

Saveral well-doccumented and widely accepted solute
fate-and-transport medels ame availabie for simulating
the fate-and-transport of contaminants under the influ-
enca of advection, dispersion, serption, and biodegra-
dation. Tha use of eplute fate-and-transport modeiing in
the natural attemuation investigation is described by
Wisdemeier et al. (1).

Identlly Potantial Receptors, and Conduct an
Exposura-Pathway Analysis

After the rateg of natural attenuation have been docu-
mentad and predictions of the lutura extent and concen-
trations of the contaminant plume have been made
using the appropriate solute fate-and-trensport modei,
tha proponent of natural ettenuation should combine all
vallable data snd information to negotiate for impie-
artation of this ramadial option. Supporting the naturai
-atteruaticn option generally will involve performing a
receplor axposure-pathway analysis. This analysis in-
¢ludas idantifying potential human and acologizal recep-
tors and points of exposure undar current and futurs
land and ground-water use scenarios, The results of
solute fate-and-transport modeling are centra) to the
axposure pathways analysis. I consarvativa modat in-
put parameters are used, the sclute fate-and-transpon

model should give consarvative astimates of contami--

nant plume migration. Froem this information, the poten-
tigl for impacte on human haalth and ths environrnent
from contamination prasernt at the site can be sstimatad,

Evaiuate Supplemental Source Removal
Oplions

Source removal or reduction may be necessary to re-
duce plume expansion if the exposura-pathway analysis
suggests that one or mora exposure pathways may be
completed bafore natural attenuation can reduce chami-
cal concentrations balow risk-based levels of concern,
Further, soma ragulators may require soutce removal in
conjunction with natural attenuation. Several technolo-
gies suitable for source reduction or removal ane listed
' Figure 1. Other tachnelogies may aiso be used as
Jictated by sita conditions and jocal reguiatory require-
ments. The authors’ experence |ndicatas that source
remaval can be very effective at limiting plume migration
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and decreasing the remadiation time frame, especially
al sites where biodegradation is contributing te natural
atianuation of & dissolved contaminant pluma, Tha im-
pact of source removal can readily be evalusted by
medifying the contaminant scurce tarm if a solute fate-
angd-transport model has been prepared for a site: this
will allow for a resvaluation of the exposure-pathway
analysis.

Prepare a Long-Term Monitoring Plan

Qround-watsr flow rates at many Alr Force sites studied
to date are such that many years will be required bafors
contaminated grourkd water could potantially raach Base
property boundaries. Thus, thara frequently is time and
space for natural attenvation alona 1o reduca contami-
nant concentrations in ground water 10 acceptable lev-
als. Expariance at 40 Alr Force sites contaminated with
fusl hydrocarbons using the protoco! presented by
Wisdemaisr et al. (1) sugges!s that many fus) hydrocar-
bon plumes are relatively stable or are moving very
sipwly with respect ta ground-water flow. This informa-
tion i complemented by data collecied by Lawrence
Livermore National Laboratcries in a study of over 1,100
leaking underground fuel tank sites performed for the
Calfomia State Water Resources Control Board {49).
These examples demonstrate the sfficacy of long-term
monitoring to track plume migration and to validaie or
refine rmodaling results, Thare iz nol a large enough
database availabla at this time to assess the stabillty of
chlorinated solvent plumas, but in the authors’ experi-
ence chicrinated esolvent plumes are likely to migrate
further downgradiant than fusl hydrocarbon plumes be-
fore regching steady-state equilibrium or before recading.

The long-tarm monitoring plan consists of keating
ground-water monitoting wells and developing &
ground-water sampling and analysis strategy. This plan
Is used to monitor plume migration over time and to
verity that natural attenuation is ccourring at rates suffl-
clant to protect potential downgradient receptors. The
long-term monltoring plan should be developed based
on site characterization data, the resuits of solute fate-
and-transport modeling, and the results of the exposure-
pathway analysis.

The long-tarm moenitering plan ingludes two typas of
monitoring wails: long-term menitoring walls ame in-
tendad to determina whathar the behavior of the piume
is changing; peint-of-compliance wells are intendsd 1o
detect movemants of the plume cutside the negotiated
perimeter of cortainment, and to trigger an action 10
manage the risk associated with such expansion. Figurs
5 depicts 1) an upgradient well in unaffected ground
water, 2} a well in the NAPL source area, 3) a wall
downgradient of the NAPL source area in a Zone 9f
anasrobic treatment, 4) a well in the zone of aercbic
ireatment, along tha pariphery of the plums, §) a well
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located downgradient from the plume where contami-
nant concantrations ara below regulatory acceptanca
levels and soluble electron accepiors are deplsied with
respect to unaffected ground waler, and 6) three point-
of-compliance walls.

@ Poinb-of-Compiiancs Mandring Wet
© Lang-Tar lenkaring YWl
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Mgure & Hypolhetical long-tsrm monitoring struisgy.,

Although the 'ﬁnal numbar and placamant of long-tarm
monltoring and peint-of-compllancs wells Is datermined

" through reguistory negotiation, the following guidance is

recommeandad, [.ocations of iong-term monitoring walls
ars bassd on the behavior of the plume as revealad
during the initial site charactarization and on ragulatory
considsrations. Peint-of-complianca wealls ars placed
500 fest downgradient from the leading edge of the
plume or tha distance traveled by the ground water in
2 years, whichavear is greater. If the property fine is legs
then 500 feet downgradient, the polm-of-complience
wells are placed near and upgracient from the prop-
arty line. The final number and location of point-ci-
camplianca monltoring wells also depends on regulatory
consideratons,

The results of a solta fate-and-transport modal can be
used to halp site the long-term monioring and paint-of-
compliance walls. Te provide a valid monitaring system,
all monitoring welts must ba screened in the came hy-
drogeociogic unit Be the cortaminant pluma. This pener-
ally regquires detailad stratigraphlc comslation. To
facilitate accurate stralipraphic cormrelation, datailed vis-
ual descriptions of all subsurface materials encountered
during borehole driling should be prepared prior to
manitoring-well instaliation.

A ground-water sampling and analysis plan should ba
praperad In conjunstion with point-of-complianca and
long-lerm monitoring well placement. For lonp-term

monitoring walls, ground-water analyses should Include

volatile organk: compounds, DO, nitrate, irondlt), suliate,
and methane. For point-of-compliance wells, ground-
water analyses should be limited 10 determining volatiie
organic compound and DO concentrations. Any state-
specific analytical requirements also should bs ad-

dressed in the sampling ang analysis plan to snsure that

all data required for regulatary decision-making are col-
lected. Water level and LNAPL thicknass measuramants
must b# made during aach sampiing event. Except at
sites with vary low hydraulie conduttivity and gradients,
quarterly sampling of long-term monitoring wells is rec-
cmmended during the first year to help determine the
direction of plume migration and to datemmine baseling
data. Bazed on tha results of the first year's sampling,
tha sampling freguency may be reduced to annual sam-
pling in the quarter showing the greatest extent of the
pluma. Sampling fmquency depands on the final plase-
ment of the point-oi-compliancs monitering walle and
ground-water flow velocity. The final sampling frequency
should ba determinad in collaboration with ragulators.

Present Findings to Regulatory Agencies, and
Obtain Approval for Ramediation by Netural

.Aﬁanulﬂm

- The purpose of regulatory nagotiations is fo provide
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sciantific docurnentation that supports natural attenu-
atlon ax the most appropriate remedial option for & given
sita. All availzble site-apacific data and information de-
veloped dunng the site characterization, conceptual
model davelopment, premodeling caloulations, biode-
gragation mate calculalion, pround-water modaling,
modal documentation, and long-tarm monitoring plan
prapamation phases of tha natural attenuation invastiga-
tion should be prasented in a consistent and compis-
mantary mannar at the regulatory nepotiations, Of
particular Interest to the regulators will be proof that
natural atienuation & occuming at rajas sufficlent to
meet figk-based comrective action critara at the point of
compliance and o protect human health and the envi-
ronment, The regulators must be presented with a
“weight-of-evidence” argumsnt in support of this reme-
dial option. For this raason, all modsl assumnptions
should be consarvativa, and all available evidence in
support of natural attenuation must be presented at the
regulatory negotiations.

A comprehansive long-erm monitering and contingancy
plan alse should ba presanted to damonstrate a com-
mitment to proving the effactivenass of natural attems-
ation as a remedial option. Secause long-temm
monitoring and contingancy plans ars very site specific,
thay should be addnessed in the individual reports gen-
erated using this pratocol.
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